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"The only known vehicle utilizing compressed air is a prototype 
of golf cart size built in Italy." 

--Lawrence Livermore study, 1978 


Strange Stories, Amazing Facts , Readers Digest, p. 199 

man's amazing inventions 



A practical me for tbt air-tube raiiwa ) in February i86y The first mailbags are sent speeding on their way 
front tht post office's \orthuestem District Office at Fiersholt Street, London, through a pneumatic lube, to 
Euaon 'station. Inset: A 11)14 variation of Brunei's system— the prototype of the electric tram that now mores 
the mail around London in a similar uay. 


TRAINS TH AT COULD RUN ON AIR 

Early atlempts to develop air-driven trains 


T rains have been powered bv steam, die- 
sel oil, electricity, and, experimentally, 
jet and rocket engines. But in 1844 
Isambard Kingdom Brunei, the great British 
inventor, built a train that was driven by air. 

His plan was to pull a train along a tube 
between the tracks. The lead coach was attached 
to the 15-inch-diameter pipe bv means of a 
piston arm. 

Huge pumping engines even- three miles 
along the track extracted air from the pipe in 
front of the train, and the pressure behind the 
piston forced it along. 

Brunei built an experimental section of pipe 
on the South Devon Railwav. But the copper 


and leather pipe valves corroded in the salt)- air 
and were chewed away by rats. 

Seventeen years later another British inven- 
tor, T. W. Rammell, designed a system in 
which the whole train was blown and sucked 
along a tube. But the idea of huge tubes 
crisscrossing the country was unrealistic, and in 
1870 pneumatic railways went underground. 

That vear a 312-foot-long model subway 
opened in New York beneath lower Broadway. 
Its 22-seat cars were driven like sailboats, by a 
blast of air. 

But in 1880 electric trains seemed more 
promising, and the long search for a railway 
that could run on air was abandoned. 


The above excerpts suggest that if you want to know the truth 
about air cars, don't ask Readers Digest or Lawrence Livermore Lab! 




The Return of the Air Car 


Because of its many advantages as a fuel medium, compressed air has been the subject of 
much research and development since the middle of the 19th century. Despite its advantages, and 
despite a thriving air powered locomotive market that grew steadily throughout the first quarter of 
this century, ah powered transport is no longer taught to engineers or mentioned in textbooks. As a 
result, many researchers and inventors who become interested in the ah car question find 
themselves trying to re-invent the ah engine, unaware of the extensive literature aheady existing on 
the subject. 

It's a good idea for anyone who wants to design an ah car to first study the work of those 
who've designed ah cars in the past. Fortunately, the ah car faction had qualified technical people 
on its side for several decades, so a lot of detailed information was published in standard 
engineering textbooks and technical trade journals. Inventors shouldn't make the mistake of 
assuming that older textbooks are obsolete. The old compressed air books were written by hands- 
on experts who were mainly concerned with efficiency in the compression and use of ah. Since the 
laws of physics, thermodynamics and those concerning the behavior of gasses are the same now as 
they were in 1887, the technical information published during the era of the compressed ah 
locomotive is extremely useful to the modem ah car inventor. 

This book covers only non- self- fueling air cars, that is, ah cars that have no compressor on 
board and must stop to refuel from stationary compressors. Information has been published, 
concepts have been patented, and claims have been made for self-fueling ah cars, but much of this 
information is vague, incomplete or speculative and some is in obvious violation of the laws of 
physics. The writers of the air locomotive era wrote to educate, whereas modem inventors of self- 
fueling ah cars sometimes publicize only to tantalize. Many inventors have never revealed theh 
experimental results, much less the theories these results are supposed to prove. 

So when someone sets out to design any type of ah car, his best background material is the 
documented performance data of air cars of the past that were efficient enough to be successful on 
the market. 

This book is dedicated to Terry Miller, the only modem ah car inventor who has disclosed 
and documented his designs and results for the education of the public. 


Scott Robertson 
April 26, 1987 
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Com pressed Air Motors in Cincinnati. 

Mr. fic'o. A. Clarke, of Cincinnati, lias a 
project for street ear propulsion l>y com- 
pressed air, an outline of which we give 
helow, on the authority of the Cincinnati 

Caimueri inl Gnzettr : 

“ Cars are constructed with double metal 
bottoms for air chambers. Compressed air 
which is known to he about ten per cent, 
more ellieient than steam at the same 
pressme, will lie utilized to run the ear 
both forward and backward and stop and 
start it on any tirade. Iiy a simple con- 
trivance tin* motion of the ear continually 
replenishes the constantly exhausting air, 
but, of course, only partially. Means must 
he provided for refilling. 

" At each end of the line is a simple twelve 
horse-pow er engine. Tlie entire length of 
the line, between the tracks if double, or at 
the side of a single track, is laid fifteen 
inches beneath the surface, ;m iron pipe 
four or live inches in diameter. This is 
perfectly jointed, and every piece tested to 
stand a pressure of one hundred and twenty- 
five pounds. The engines keep this pipe 
constantly tilled with air at a pressure of 
about one hundred pounds.. At intervals 
of a square, this pipe will l»e tapped, and it 
is estimated that connection can lie made 
witli the ear and pressure taken on in six 
seconds time. A pressure of eighty pounds 
to tl to square inch in the air chambers of 
tlie ear will give a propelling force equal 
to six horses. Tin's will always besuflieient 
to drive tlie ear through snow and slush, or 
assist it on the track should it be derailed, 
and if greater force is necessary, it can lie 
obtained from the pipe to the extent of one 
hundred pounds pressure, lor tlie air cham- 
bers like t he pipe will he tested to stand one 
hundred and twenty-live pounds. Some 
advantage will lie had in running two ears 
together. lioth will he filled tit the engine 
to eighty pounds pressure. One will be 
allowed to do the work until its force is 
exhausted. Iiy this time the motion will 
have increased tlie pressure in the other 
ear to about ninety pounds. Then it will 
lie allowed to propel the two until ex- 
hausted. when the first will have a pressure 
of perhaps forty or tifty pounds. By doub- 
ling ears ami the automatic filling, it is 
estimated that a distance of about three 
miles may he covered without resorting to 
tlie ground pipe for more air. 

“Tlie ail vantages claimed over horses, 
steam, electricity or cable are considerable. 
Tlie inventor claims that any line which is 
now in operation can he equipped with 
compressed air cars, air pipe line, engines 
and all complete for less thau $7,000 per 
mile: that the change can be made with- 
out slopping travel for a .singlehour, or ob- 
struction of t lie street ; that once equipped, 
the expense of running is reduced to the 
minimum. No horses to buy and feed, 


no cable to renew, no stables to rent or 
stablemen to pay. Tlie engines are so 
small and simple that any man competent 
to run a ear can tend urn-. There is no 
steam to frighten horses, no disagreeable 
dust, no lire and no smoke; there is no 
tearing up streets for repairs as with the 
cable, and expresses and wagons can tt-e 
the track as now, which can not be safely 
done on tlie cable. There are no electrical 
shocks during a storm, as is the case on 
electric roads, to frighten ladies and en- 
danger life. With tlie compressed air line, 
there need be no change of cars to go from 
Fountain Square to the farthest suburban 
point, as is necessarily tlie ease with the 
cable. Moreover, the same air that serves 
as a motor can be so utilized as to warm 
the bottom of the car, a point which cer- 
tainly would be appreciated in such weather 
as we had last week. 

“ We hear that Mr. Clarke will contract to 
run any line of street cars and guarantee 
tlie company owning it five per cent, larger 
dividend on the capital stock than they 
are now paying. This is worth looking 
into. 

“ Here are some figures that may be inb'r 
esting. A cable road will cost to build 
from $90,000 to $100,000 per mile. Tlie 
cable must be renewed every thirteen 
months at a cost of $9,000 a mile. To illus- 
trate tlie saving over tlie present systm 
take a single line running twenty cats. 1 n< 
points of expense in running incurred hv 
tlie compressed air line, which tlie horse 


car line would not have are, for one year : 

Two engineers $1,000 

Fuel 2. (MM) 


Total tsa.oiMi 

“ Tlie horse car line will have < xpenses to 
meet not found by the air line, as follows : 

Horse feed $.9,700 

Horse sluicing 2,0X0 

Horsemen 4.000 

Harness COO 

New horses 4, (Mill 


Total $20,490 

Total air line expenses. . . li.tiOO 

Difference in favorof compressed 

air line $10,990 


“It is presumed that other expenses, such 
as drivers, conductors, repairs. Ac., will lie 
equal in (lie two systems. It should be 
observed, however, that the horse car line 
is not charged with the continual repair of 
tlie track necessitated by tlie wear of the 
horses’ feet, which the air line will not 
have. This and otln-r small items will 
undoubtedly increase the savings to $20.- 
000 per annum; but suppose it is»only 
$17,000. 


“From these figures some startling deduc- 
tions are easily drawn. The saving amounts 
to about $47 per day, or $2.35 per car. In 
a city using three hundred cars, which is 
approximately the number used iu Cincin- 
nati. tlie saving would be $705 per day. 
$22,750 per month, $257,325 per year. 

"Tlie amount. of additional business which 
must lie done by a horse car line to make 
its profits e jual those of the air line is also 
surprising. To make up this difference of 
$705 per day in running expenses, the old 
line must carry 17.025 passengers, at four 
cents each, more than tlie new line every 
day, 529,750 a month, and 0,433. 125 a year. 
If tlie burse car lines of tin's city wer 
paralleled by compressed air lines, they 
would find it difficult to compete for tin* 
trade," 

Abbreviations : 

oiii- } j tif o 6 1 Railway 
Eii, Engineering News 
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New Compressed Air Motor. 

A Pittsburg mechanic claims to have in- 
vented a compressed air motor for street 
car travel, an entirely new and economical 
principle. The front wheels are unusually 
largo, and there are small air pumps, three 
inches stroke by three diameter, set in tlie 
periphery of the wheels. The force of the 
air pump is exerted by the -freight of the 
car over the wheel, calculated at 1,000 
pounds to each wheel. The air thus com- 
pressed passes into the hollow hub of tlie 
wheel, whence it carries its force into tlie 
receiver. 




THE STREET RAILWAY JOURNAL. 
August, 1886 . 

Compressed Air for Street Car Motors. 

Mr. Norman Selfe recently read a paper 
on compressed air and its applications, be- 
fore the Engineering Association of New 
South Wales, of which institution he has on 
two occasions been president. 

Mr. Selfe introduced his subject by a re- 
ference to the comparative merits of com- 
pressed air and hydraulic appliances for the 
transmission of power, and pointed out that 
whereas the use of water was a very simple 
matter theoretically, the compression and 
expansion of air depended on the complex 
laws of thermo-dynamics, and that it was 
only through the researches of eminent 
scientists as Joule, Carnot, Rankine, and 
others that these laws were made known. 
Many costly experiments had been made in 
this colony in the past for producing cold 
by the compression and expansion of air 
that were total failures from the wan t of 
knowledge on the. part of the patentees, 
which was now available for any student. 
Thegre.it and leading features to be Con- 
stantly borne in muni when dealing with 
compressed air, are the enormous losses of 
power that occur during compression and 
subsequent re-expansion when high pres- 
sures are worked at. These losses com- 
monly amount to about 70 per cent, of the 
whole power, and arise thus: l ust, in the 

compression of air the whole of the energy 
exerted to effect its c impression is Convert- 
ed into heat, which raises its temperature, 
aud therefore, its relative volume, and as 
a consequence, the relative power to .effect 
the compression is increased, unless this 
heat is dissipated as fast as it ispr >dueed. 
In a good compressor, as much heat as pas- 
sible is got rid of during the operation of 
compressing, and the remainder is dissipa- 
ted through the walls of reservoirs ml pipes 
as the compressed air return- t > atmos- 
pheric temperature: So that bcl me the air 
is employed to work an engine, all thepow- 
er or heat that was put into it to effect the 
compression is practically lost. Secondly: 
In the expansion of compressed air against 
the piston of an air engine and t he perfoi m 
anee of work, the air must part with heat 
equivalent to the work done (and on this 
law all cold air refrigerating hi whines de- 
pend for their action), but this loss of heat 
brings about a diminution uf Volume in the 
air expanded in the cylinder, and a reduc- 
tion in the work done. It is found that 
these losses not so important at low pres- 
sures as sav, 20 pounds to the square inch, 
bul at 40 pou uds pressure practical results 
show the loss to be doubled; and at 10 at- 
mospheres the loss is theoretically double 
that at two atmospheres. 

Iu order to place this part of the subject 
clearly before the meeting, Mr. Selfe ex- 


hibited three large t doles which he !;.,d com- 
piled from the most eminent uuthm ities. 
aud which show eel at a glance, both from 
theory -nd practice, the necessity id avoid- 
ing . n | :ess u re if any economy of power 
is sougnt in working with compressed air. 
After the introduction, the subje-t was di- 
vided into three parts, dealing respectively 
with the historical or past aud present use 
of compressed air, the principles involved 
in its use, and some recent improvements 
in its application. The first part showed 
that compressed air had been applied as a 
motive power on tramways as long ago as 
1839, aud that its use had gradn ally extend- 
ed until at the present time there were sev- 
eral systems actually and successfully in 
use, the principal one of which is that of 
M. Megnrski. This compressed air-tram 
system has been iu operation in Nantes 
since 1879; it has been most favorably re- 
ported on by English engineers, and is 
now running at Holloway, in North Lon- 
don. Megarski uses air at 450 less per 
square inch, Colonel Beaumont at 1,000, 
some American engineers 3,000 lb., and, as 
they all seek to carry sufficient stored up 
air in their receivers to go fur long distan- 
ces, these receivers are enormously heavy, 
and the greater part of the power given out 
is employed to draw the machinery, and 
only a small percentage is available for the 
traction of the passengers. Again, owing 
to the great pressures, the power Hiss ip ited 
as heat is so large that artificial warming 
apparatus is used on the tram engines to 
keep the whole thisig from freezing, The 
second part of tin- [riper dealt exhaustively 
with these losses, and showed to what ex- 
tent and why they were inseparable from 
the systems hitherto iu use. and here another 
table showed the loss of power which re- 
sulted fr i an carrying compressed air t ! iron gh 
pipes. Great experience has heeu gained 
in the Alpine tunnels of Mont Cents and 
St. Go-hard. The latter is 1J,92'» metres 
long, a: d it is found that with air at 12n lb, 
pressure, ill’ll lior-e [lower could be e.'ii- 
voyed a mile through a six inch pipe with 
a loss approximately of only 5 per cent. : 
with larger pipes the loss of eourse is pro- 
portionately less. 

The third pari of the paper w as real I v the 
most impoitaiit, for here, by means of 
large diagrams and illustrations. Mr. Selfe 
showed how, by a . invention of Mr. l’ardv 
in America, it is possible for tramway ears 
tube driven with a vein low Comparative 
pressure of air ami thus avoid tin- mormons 
loss of odi Uom-y tent attends other 
systems, whim at t;;esame tinr-the greater 
part ot the weight ot the m ichim-rv is done 
away with. This is effected by laying an 
air main in tiie street or road the same as a 
watei or gas main, with suitable valves at 
intervals, so that by means of a no/./.lc and 
llexible tube, the driver of tin- tramcar can 
replenish his reservoirs with air whenever 
he stops to [nit down or take up passe u- 


g > rs - In act in! praeta e it was found, a eai 
could be charged iu a f -w seconds. 

Mr. iSeife than compared the l’arib" sys- 
tem with that of Mr. Megarski, the most 
successful one yet running, and here we 
qu de the paper iu full. 

In order to malic a Comparison be- 
tween the merits of Mr. Tardy's tramway 
imprnvemeutsaud the systems before in u-e 
with compressedair, I will take that of Me- 
garski, first because that appears to be best 
known, a'ml secondly, because up to the 
pre sent it has had the largest nm-a-ure of 
success. Sir F. J. Bramwell examined into 
and reported on the Megarski system at 
Nantes, in France, after it had I een iu re- 
gular work for three and a-half years, and 
he read a very favorable account of it before 
the Mechanics’ Section of the British Asso- 
ciation at the Southampton meeting in 1882. 
It appears that the luel used for the com- 
pressing machinery at Nantes amounted to 
1.74 lb. of coal per ton gross of the car 
weight per mile run, whereas Merryweatli- 
er’s engine did a ton mile with 69 lbs. of 
coal. And drawing conclusions from this, 
Mr. D. K. Clark, in his last volume on 
tramways, says, ‘while such a contrast can 
he maintained it needs but little argument 
to prove that the direct steam-powered 
tramway engine is, as it ought to be, the 
more economical.’ Now, lam bold enough 
to differ with Mr. Clark, for the simple rea- 
son that coal consumption is only one fac- 
torout of many in estimating the economy 
of a tramway, and if the cost of motive 
[lower was the same in both cases there 
Would still he no reason why the permanent 
w ay should have the extra w ear amt tear of 
carrying the boilers aud fuel when they 
Could be left stationary, but the comfort of 
the passengers, the absence of. smoke, smell 
and steam areal! points affecting the econ- 
omy of the working. Suppose now, how- 
ever, we make the contrast under the fresh 
light let in by Mr. Purdy. The Megarski 
cars, built for the Caledonian road service 
of the North Metropolitan Tramway Com- 
pany, London, cany 40 passengers, have 
their reservoirs strong enough to carry a 
pressure of 450 lbs. and weigh from 61 to 7 
tuns empty, or, say, 9 to 91 tons loaded. 
A low pressure ear ofataiut the same dimen- 
sions andus shown on figures 1, 2, and 3 to 
carry, say, 110 lb. pressure, will not re 
quire reservoirs of mure than one-third the 
weight of those that carry 450 lb., and the 
Imt water vessels, with the contained wa- 
ter, will he disjieused with altogether. The 
ear on the l’ardy system, can thus be re- 
duced in weight to alhmt four tons emptv, 
and say 01 tons loaded. That is to say, 
aUmt 70 percent, of the weight of the high 
pressure Megarski car at nine tons loaded, 
and a little over 60 percent, when lightly 
loaded. The maximum pressure in the 
low pressure reservoirs will he nine atmos- 
pheres total, aud the engines will work at 
from 15 lh. to 30 lb. above the atmosphere, 



instead of being used at from To io DO Ilia., 
ns in the Megarski car, ami from what lias 
already heel, .shown as pt l table 15. alsmt 
the larger relative eilirieuey when working 
with low pressure air, an ultimate efficiency 
of 41) per cent. shouU he attained in the low 
pressure, ns against 30 per cent, in the high 
pressure car. That is to say, the efficiency 
in the Megarski system is, probably, only 
To ]>er ceut. of what may fairly he expected 
from a low pressure one. As the relative 
weights are taken ns 70 per Cent, fully load- 
ed, ami 00 per cent light, a mean esiiinate 
of (id per cent, is fair for the proportion 
of the low pressure to the high pressure 
Cor; ami the relative power required fortlie 
same weight being To per cent., the actual 
power becomes To x Go — 100, which gives 
43. T5 per cent., or less than one half of the 
power for the low pressure car of what is 
required with the higher pressure one. ” 
The writer then shows that hitherto the 
great aim of designers of air tramway sys- 
tems has been to go the maximum distance 
with a charge of air, and thus the pres- 
sures and dead weight have been increased 
wkde the efficiency as regards the power 
employed has got very low — in fact, so as 
to use from two to three times the fuel of 
steam locomotives. But with the introduc- 
tion of on air main along the route the 
whole conditions are changed. The paper 
goes on to say: — “If large compressing en- 
gines of 500 horse power were erected in a 
favorable situation for getting coal and 
condensing water they should obtain an 
efficiency as prime movers at least twice ns 
good as the present tramway locomotives, 
aud with air cars there should not and need 
not be more than one-half of the present 
average dead weight per passenger to put 
iu motion. Ill such a case the same work 
in passengers carried, could be done with 
the same fuel as is burnt now, if the ulti- 
mate efficiency of the air engines on the 
cars was only 25 per cent, of the initial pow- 
er, that is, if To per cent, were lost. For 
reasons already pointed out, however, a 
much higher efficiency than tins 25 per 
ceut. should result with the low pressure. 
But surely if tho coal bill was 20 per cent, 
greater than now instead of less, it would be 
warranted by the gain in comfort, conveni- 
ence, and cleanliness, in the. absence of 
steam, smell, and smoke, and running of 
light, handy aud smart cars at much more 
frequent intervals, and ill the reduced wear 
and tear of permanent way that would re- 
sult from thesubstituiion of i-omprys-ed air 
cars in place of lumbering roadway destroy- 
ers, with their enormous io. ids, inconven- 
iences, and dirt (id n/lu*‘ umd' Mr. Selfe 
refora to a proposal made io supply com- 
pressed air in Birmingham as water is sup- 
plied in Loudon, Hull, ami othercincs, and 
shows that there are so many Phvious ad- 
vantages, especially for domestic motors, in 
having air, its ventilating ami refrigerating 
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pressure pneumatic s\ .-!« in, and la re ex- 
hibited large Sections of the six principal 
roads of San Fi-aiiOw > drawn to 
the same sealo as the. six prinei- 
p.d tram routes of Sydnev, to show 
that the ditl’erent grades m the two cities 
make tin* conditions altogether dili'erent 
for traction. Comparing these three sys- 
tems with one another Mr. Selfe concludes 
thus: Comparison of Three Systems of 

Tramway Propulsion. — The rival systems 
of motive power for tramways most likely 
to be brought into competition with tile 
low pressure pneumatic system that I have 
attempted to explain this evening, are: 
first, the cable roads as so successful in 
San Francisco; aud, secondly, our present 
ste.un locomotive arrangements. A great 
deal is often heard about tbe cable roads of 
San Francisco, and it has been put forward 
that they are just the thing for the require- 
ments of Sydney. I know this city well, 
aud I have had every opportunity of be- 
coming acquainted with the tramway sys- 
tem in the capital of the Golden State, 
both by observation and description; the 
result is, that I yield to no one in my ad- 
miration of the skill and ingenuity of the 
engineers, ns well ns of the enterprise nnd 
foresight of the capitalists, that have led 
to their mechanical and financial success; 
but Sydney is not San Francisco, and the 
conditions that apply to tramways in these 
two queen cities of the Pacific arc alto- 
gether different. Firstly, the cable roads 
iu Sau Francisco liavo grades ns steep ns 
one in five or six, to work up which no or- 
dinary locomotive, whether air or steam 
propelled, would be suitable. The six prin- 
cipal cable roads rise over hills from 250 to 
.'500 feet high, and in several cases pass 
over two such hills iu their run. The latest 
road up Telegraph Ilill is, I believe, about 
one in three, and only w ants tilting a little 
more when it would not he a tram-road at 
all, hut an elevator, and for such conditions 
as these I know of no system so suitable as 
the cable; but although Sydney is a hilly 
city, as cities go, we have no grades on our 
tram roads that locomotives cannot climb, 
nnd thus the first motive fora cable road 
does not exist. Secondly, the cost of cable 
roads is very great in construction, main- 
tenance, and working expenses. This in 
itself would not be an objection if there was 
a pis 'liability < ,f t lie earnings being commen- 
surate; but it is not likely to be so. for iu 
San Francisco tho conditions do not present 
ns they do here iu Sydney seven or eight 
suburban tram lines, all converge g to one 
focus at Liverpool street, and then, figura- 
tively speaking, running strangled down a 


- do street. * i terngnus in a b • r.-g ; 

: where. I: is ir f -rt a: ab-ly : "i : • fa ■; g 
1 1 1 r .ugh id" p iy.-ieai Configuration ■ : b 

m-y something like that is the iv.se h re. 

I hero in Sau Francisco the stre ts ure 
straight, ami each separate cable road i.i.s 
its terminus in a populous center i f rib. 
traffic, and it inns ..lit through main streets 
which c rres) uni to our I h-org--. I’itt. Y ri. 
King', ami 1’arl, streets, but on a much 1 gg- 
er scale. The tram lines tlo r.- e.. minimi 
abo separate a\ enucs of intramural traffic, 
such, for instance, as is carried in Sydney 
by the railway omnibuses, and they ::ls . 
perform the greater part of the work that 
is boredom: by tin-suburban railway. There 
is thus an enormous traffic, and one much 
more uniform throughout the day than we 
have here, owing to so many of their lead- 
ing business streets being traversed by the 
tramways. Thirdly, it has been estimated 
iu Sail Francisco that cablo roads coat at 
least live times as much to construct as tram 
ways aud three times as much as a road and 
air main for the pneumatic tramway. In the 
case of the cable it is in constant' motion, 
with its supporting pulleys, nnd wear a d 
tear is going on whether one car an hour or 
one car per minute is the service on the 
tracks. With ail air main there is no wear 
aud tear proper, and no more depreciation 
than belongs to an ordinary gas or water 
main. Fourthly, the cable roads consume 
a large portion of tbe power exerted to 
work their own destruction in the wear and 
tear of cable, which constitutes such a 
large proportion of the dead weight or 
non-pay able load. 

In an able paper on the cable roads of 
San Francisco, read by Mr. Hanscom before 
tbe Technical Society of the Pacific Coast, 
the average working of seven principal ca- 
ble roads is summarised thus: — Out of the 
total power exerted by the engines, 68 per 
cent, goes to move the machinery and ca- 
ble, 28 per ceut to draw tbe cars, and 4 per 
cent, only to carry the passengers. If yon 
give any consideration to these four points 
in the cable system that I have just refer- 
red to, I think you must, as I do, conclude 
that the conditions for its successful adop- 
tion in Sydney do not e ist, aud so we will 
next proceed to consider the system we ac- 
tually have in use. Under existing arrange- 
ments here iu Sydney we commonly have 
a 16 ton locomotive drawing two curs of a 
wright aggregating eight tons, and some- 
times 10 tons, or collectively, say, 24 tons 
of dead weight in a train. And although 
for an hour or two at morning and evening 
the cars may be crowded, yet on many 
lines theaverage throughout the day is said 
to bo only about 20 passengers. As a basis 
of comparison, aud to give our present sys- 
tem every chance. I will take 45 passengers 
instead of 20 as the average load, then at 15 
persons to the ton, the live load will be 3 
t ms, which, added to the 24 toU3 dead 
weight, makes the total load 2T tons. That 
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1 , ti. s iv. make the best of it. and then only 
1 ] per cent, of the power is exerted to move 
t!ie passengers, and S'.) percent, is required 
to drag the dead load about, and destroy 
the permanent wav. Lastly, under the 
liuetttuatir system, where light ears at fre- 
quent ini'-rVals are ]>roposed, I take for 
Cuisqiart'i-n a London metropolitan horse 
ear for in pass’ ngers, which weighs 2* tons: 
if to this is added one ton of res rvoirs, etc., 
and half a ton of engines, etc., the weight 
■reads' for work becomes -t tons. Assume it 
to be only half loaded or with ‘’ll passengers 
at IT cwt. (1 have tnktjftt lb for present sys- 
tem, remember), the total running weight 
v.onibhe 1U7 cwt. i If this gross load the 

■J 7 ret. of p i'-engeis would be just ow-r 


■Jb I or ;t. instead of being only 11 p- r 
cent, as in the present system with -lb pas- 
sengers; hut if we consider the air Car as 
fully loaded, or with another 27 cwt., mak- 
ing a total of ti tons 14 cwt.. then tic- pro- 
portion of useful oll'cct or payable load rises 
to over 10 per cent. The light air cars can 
lie started every half hour, every ten min- 
utes, or every minute, according to the re- 
quirements of the traflie; and if they are 
made to carry no roof passengers they can 
be managed with only one man to drive and 
collect fares, as is done with the bob-tail 
ears u-ed in some cities. Looking at all 
these points. [ think no h imitation can ex- 
ist as to the advantages of cars over our 
present svsteni. 


IMPROVED MEANS OF DISTRIBUTING POWER. 

A means of conveying steam or compressed air along 
a line of road, to be delivered to a motor propelled 
thereon, is illustrated herewith, and forms the subject 
of a patent issued to Mr. Victor H. Tomlinson, of 
Hudson, Col. Fig. 3 is a central longitudinal sectional 
view’ of a section of the apparatus, Fig. 2 being a cross 
sectional view. In the upper face of the pipe or tube 
to which the motive agent is delivered from a ceutral 
station are castings with uudercut grooves, the cast- 
ings being arranged end to end throughout the length 
of the tube, and haviug ports 


JVratnfiut. 


cost of generating such power on an independent travel- 
ing motor. The cleanliness of such a system, and the 
absence of noise, would also form striking advantages 
in favor ot its adoption for the profiling of street cars, 
while its cost need no! necessarily be higher than that 
of cable traction or electricity. 



registering with ports in the 
tube. Within the undercut 
groove of the casting is a receiver 
with grooves to receive any pro- 
per packing, the receiver having 
a flexible pipe leading to the 
steam chest of the motor or a 
reservoir carried thereby. The 
receiver is held to the motor by 
upwardly extending standards, 
and as the receiver is forced for- 
ward by the onward movement 
of the motor, a forward valve is 
opened as another at the rear is 
closed. 

The ports in tiie pipe at 
tlie side of the track are con- 
trolled by valves engaged by 
spring-pressed levers, and a pipe 
leads to the steam chest of the 
motor, or the reservoir carried 
thereby, the distance between 
tile ports being about equal to 
the receiver recess. The way to 
this recess from the pipe at the 
side of the track is opened by a 
lever as the motor moves for- 
ward, one of the valves being 
opened as another at the rear is 
closed. The economy of this 
system of supplying jiower will 
be readily appreciated when it 
is considered that Bteam can be 
generated or air compressed at a 
central station at a rate usually 



TOMLINSON'S APPARATUS POR SUPPLYING COMPRESSED AIR TO LOCOMOTIVES. 
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of examining at Chester. In this system the motive 
power is compressed air stored in the car itself at the 
comparatively low pressure of from 150 to 170 pounds. 
The air reservoirs on the car, when exhausted, can be 
recharged with a fresh supply of compressed air auto- 
matically, at frequent points along the route The 
motor, which is one of Rigg s rotary engines, is also 
carried on the car, thereby avoiding the necessity of a 
separate locomotive engine. The car moves along with- 
out any visible agency, the machinery being all cov- 
ered in and out of sight underneath it. The air need 
only be compressed to one-third or even one-tenth of 
the pressure previously used, and is stored in light re- 
ceivers which can be made to form portious of the main 
framework of the car itself. 

In carrying out this system, a compressed air pipe is 
laid under the road or footway along the tram route, 
and is kept charged with compressed air by means of 
air compressors at a cent ral depot, and branches are led 
off at suitable points to valves fixed under the road- 
way, close to the tram rail. Eacli valve is inclosed in 
an iron box, covered with a lid level with the roadway, 
like an ordinary street manhole cover. A short piece 
of grooved rail, about 15 or 20 feet long, is laid along- 
side the tram rail at each side of the box. When the 
driver wishes to take up a fresh charge of air, on ap- 
proaching one of these valve boxes he lowers a plow- 
shaped scoop into the groove, the point of which in- 
serts itself under the front edge of the lid, which it 
gradually turns back upon its hinges, as the car moves 
along, until full open. This arrangement will be seen 
on reference to our engraving, which shows the tram 
car we recently saw tried at Chester. The car being 
then over the open valve box, a valve which is carried 
on the horn plate is free to engage with the valve in 
the street box. The car valve is guided into the right 
position for passing on to the arm of the street valve 
by means of a projection which passes into a guide 
formed on the inside of the cover. The car valve is 
double-ended, so that one end is always left in position 
for entering, whatever direction the car may be going, 
and the street valve is provided with four arms, so that 
it is always left with its arms at the right entering an- 
gle for eitherdirection when the car leaves it. As soon 
as the car passes clear of the valve box, the lid closes of 
itself, leaving the roadway free from any obstruction. 
Generally the passage of the car through the recharg- 
ing valve at reduced speed suffices to refill the receivers 
w ith pressure sufficient to carry on to the next recharg- 
ing valve, but the driver may pull up at the valve, 
and stand until the full pressure is reached, which oc- 
cupies but a very few seconds. On single lines the 
street valves would be placed at the passing places 
where the cars frequently have to stop, and in all eases 
at the regular stopping places. On he'avy gradients 
street valves would be placed at the passing places 
where the cars frequently have to stop, and in all cases 
at the regular stopping places. On heavy gradients 
the street valves would be placed at more frequent in- 
tervals than on the level. It is these arrangements, 
exceedingly simple and effective as they have been 
proved to be in actual practice, which enable the car 
to be worked with low pressure air, and the sepa- 
rate locomotive and heavy receivers to be dispensed 
with. 

We append the particulars of a careful series of ex- 
periments made by Professor Unwin, F.R.S., on the 
( 'liester tramways with the Hughes & Lancaster sys- 
tem, to ascertain the consumption of air on the dif- 


ferent inclines. Some of the trials were made during 
wet, greasy weather, and the results necessarily varied 
from sundry other causes, such as interruptions, un- 
expected stoppages and startings, etc. The foot pounds 
of work done per pound of air used were found to vary 
from 5,456 foot pounds to 28,048 foot pounds, including 
all losses from leakage, etc. Taking 14,000 foot pounds as 
a fair average, and calculating the consumption of air 
on the Chester line as a representative one, upon this 
basis, we have the following results for the cost of mo- 
tive power : Weight of 28 passenger car, including en- 
gine, air receivers, and full load of passengers =5 tons 
9 cwt. Length of !ine=3 miles nearly. Gradient va- 
rying from 0 up to 1 in 18'5 Consumption of free i .ir 
— Outward journey 1,984 cubic feet, return journ ty 
2.523 cubic feet = 2,255 cubic feet free air average [ er 
journey. Say 2,300 cubic feet free air on the average 
run Car ran 300 yards up City Road incline in 1 
minute 1U seconds — a speed of S miles per hour. Ave- 
rage duration of journey one way =say 20 minutes on 
consumption of 2,300 cubic feet of free air. The i ir 
will be compressed to 170 pounds to insure the rap d 
filling of the car receivers up to 150 pounds. Power le- 
quired to compress 1 cubic foot of free air to 170 
pounds above atmospheric pressure in full adiabatic 
compression, including engine friction, leakage, clear- 
ances, ete.=9,800 footpounds; 9,800 X 2,300 = 22,540,010 
footpounds to compress the whole volume ofairusid 
during the 20 minutes’ run : 22, 540, 000+20 = 1,127, 04) 
foot pounds=34 gross horse power at central compress- 
ing station for onecar. Coal consumption = say 3 pourn s 
per horse power per hour = 102 pounds, or say lew;, 
per hour, say at 10s. per ton, or at 6d. per cwt. =6d. pi r 
hour, i. e., for 9 miles. Hence eostof fuel = Jsjd. perei r 
mile With triple expansion compressing engines cot - 
smiling pounds coal per horse power per hour, thd 
cost would of course be only 1 ^d. per ear mile. 
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The Mekarski Compressed-Air Tramway 
Motor. 

Among the “ Reports o£ Consuls of the United 
States,” for February, 1890, is one of more than 
usual engineering interest from Consul-General 
Rathbonk, of Paris. This is a report on the opera- 
tion of the compressed-air tramway motor, on the 
Mdkarski system, which has been in operation near 
Paris for over two years, and in the city of Nantes 
for a much longer period. While we have already 
described this system in Engineering News of 
May 12, 1888, the present report is so much more 
complete that v, e give it in full, as follows: 

The advantages enumerated are : 

(1) The motor does not emit smoke or hot gases, and is 
almost noiseless. 

(2) A greater speed Is attained than with horses where 
necessary . 

(3) A special track or overhead appliance is unneces- 
sary. 

(4) Being very light, it can be easily handled on steep 
grades. 

(5) Simple in form, it does not frighten horses; the ma- 
chinery on the front platform 1 b almost invisible from out- 
side. 

(6) A possible explosion of air reservoirs is less danger- 
ous than of steam or superheated water. 

(7) Maintenance in repair is very simple, 

18) Only one person is necessary for managing the ma- 
chinery, and lie is not necessarily a skilled engineer. 

(9) In crowded days or times of day the number of pas- 
senger places may be easily augmented by the addition of 
one or even two tenders or ordinary oars, without a mo- 
tor, thus making a short train. 

The principle of the system is very simple, Air Is 
compressed to 10 or 45 atmospheres ; the reser- 
voirs of the motor are charged at this pressure ; 
the air to be used is reduced to a pressure of & to 10 at- 
mospheres, and at the same time healed to a high tern, 
perature and charged wilh moisture in a vessel called the 
heater ( vouillotte ) ; from there it passes to a double ex- 
pansion engine, where it acts like steam In moving a 
piston rod. 

The running expense of this motor per kilom tre has 
proved : 

Francs. 


Charging and running 0.2079 

Depreciation of mncblnerv 0.1233 

Depreciation of oar 0.236 


Total 0.3076 


This is 6 cents per kil., or 9H cents per mile. Including 
all expenses, interest on track, etc., the cost of each car 
making 84 kilos, per day is 52.92 franca The cost per 
day of a Paris omnibus in tbe same way is 106.57 francs, 
but tbe omnibus runs 90.7 kilos, and scats 50 people. 
Since the MOkarskl tram car reals only 38 people, tbe pro- 
portionate expense for the same distance and the same 
number of people would be 
90.7 • 50 

52.92 X . X — — 75.18 franca. 

84 38 

Therefore, the saving in this tram system is nearly 30 
per cent. 

Tbe cost of the different parts of the Nogentals tram- 
way is as follows: 

Franca 


Automobile 16,0(0 = J3.200 

Extra or tender cars 12,000 = 2,400 

Beservoirs for accumulation, containing 

1.250 liters 1,250 = 250 

Compression pumps and engines 17,500 = 3,500 

Tubular boilers, 30 Bq. meters surface, 327 
sq.ft 8,000= 1,600 


The weight of tram is, when empty, 7,500 kiloa (8)1 Urns) 
and 10,300 kiloa (1118 tons) with 40 passengers. 

The co-efflcient of friction, ordinarily 17 to 121 on tram- 
ways, goes occasionally down as low as 10%, or even 8jC. 
However, by the use of sand, for which there is an ar- 
rangement, a friction of 15% can always be depended upon. 
The steepest grades on the line are 0.045 and 0.052 At one 
place the grade is 0.017 on an average for 870 ft. These steep 
grades are only justified by the absolute impossibility of 


changing the profile of the streets themselves. The mini- 
mum radius of curvature on the line is 40 meters (133 ft). 
The car is designed to go round a curve of 35 meters (116 
ft), however, without difficulty . 

The resistance on such heavy grades, allowing for both 
friction and inclination, is 55 kilos, per 1,000 (110 lbs per ton). 
An empty motor can therefore draw up this incline--* 

20,500 kilos. 

that is, 20.500 - 7,600 = 13,000 kilos, besides itself. In 
other words, it is capable, easily, of drawing two extra 
carriages of 6,000 kilos. (6H tons) gross weight each. 
If the motor is full, the extra friction will admit of its 
drawing proportionately mote— 15 tons at least. This 
doubling or tripling the carrying capacity is very adren- 



Fig. 1. Front Platform, showing Heater. 

tageous, because it does not add to the number of em- 
ployes working, and very little more air is consumed. 
Below is shown the amount of air used per unit of dis- 
tance: 

The reservoirs of compressed air are separated in two 
sections— the battery and the reserve; on leaving the sta- 
tion «oth of these are charged with a pressure of about 
40 kilos, per Bq. centimeter (40 atmospheres). After 
the complete run, that is, 12 kilos., the pressure of 
the battery is diminished by 26 atmospheres, and that of 
the reserve by 8. As each atmosphere of pressure corre- 
sponds to 2.5 kilos, of air in the battery, and to 0.8 in 
the reserve; the total weight of air used Is 26 X 2.5 4-8 X 
.8 = 71.4 kilos., or about 6 kilos, of air per kilo. 
(21 lbs. per mile). With an additional carriage in connec- 
tion, It has been found that only 1.5 kilos, per kilo. (514 lbs. 
per mile) extra is required. Thus, in doubling the num- 
ber of places the loss of air is raised only 25 per cent. 

In comparing this system with the alternative of an 
ordinary small-sized steam locomotive, M. MOkarskl 
shows that in an ordinary economical locomotive 2.5 kilos. 
(5.5 lbs.) of coal are used per horse-power ; also that 
the proportion of work to force generated In a compressed 
air motor ought to be at least 40 per cent., in order that it 
shall be as economical as a steam locomotive. This state 
of affairs could be realized by using a stationary engine 
using 1 kilo. (2.2 lbb.) of coal per horse-power, an ob- 
ject easily attained. 

To compress 1 kilo, of air in a reservoir at a pressure of 
50 atmospheres, theoretically 62,(00 kilogram meters are 
used if the compression is adiabatic, or 32,950 if it is iso- 




thermal. Practically, the operation is effected at inter- 
mediate conditions, and heeds about 48,000 kilogram 
meter* of work. The lost work In this operation may be 
calculated at 25 per cent, of this, or at 12,000 kilogram- 
meters, making the total work necessary 60,000. On the 
other hand, 1 kilogram, of air at & pressure of 10 atmos- 
phere*, the pressure at which the air is used, occupies a 
volume of 119 liters (31.44 galls.), and can furnish, with an 
expansion of 6 volumes, a force of 28,900 kilogram me- 
ters. Reducing this to 24,000 to allow for lost work, it is 
seen that the available work is i$8®8. or 40per cent. 

In this calculation the pressures arc somewhat higher 
than are used in the tram-cars, for it was made in design- 
ing a larger motor; nevertheless, the proportion of press- 
ures remains the 8am e, and the result compares exactly 
with the practical results shown in working the tramway 
at Vincennes. 

It might be added that the coal used for the large sta- 
tionary engine is of a very inferior quality and price to 
that ordinarily used in Bmall locomotives used for the 
same purpose, and that they, in their turn, use more coal 
in comparison to their power than is used in regular 
railroad service. The high pressure at which the air re- 
servoirs of the “automobile” are charged is the result <?f 
the necessity to compress a sufficient weight of air in a 
moderate compass. 

As regards the carriage or passenger part of the car 
this is exactly similar to all French tram-cars, having an 
interior part and an upper part, or “imperial.” This car- 
riage is 8 meter* (26 ft. 3 ins.) long by 2.1 meters (6 ft. 11 
ins.) wide. The steps at the back are arranged to make a 
connection with the extra car when attached. There 1* 
also here a pipe connecting with air brake* in the last oar 
Parallel to the axles of the wheels of the tram are placed 
the air reservoirs, nine in number, divided into two 
groups intended to carry the compressed air. These are 
made of steel 12 millimeters (one-half inch) thick, and are 
tested for 60 atmospheres. The first of these two groups 
is composed of six reservoirs, having a total volume of 
2,030 liters (536J4 galls.); the second group of the remain- 
ing three reservoirs, called the reserve, contains 1,066 
liter* (281H galls.); the total capacity, therefore, is 3,106 
liters (817^4 galls.) This volume of air at 45 atmospheres 
weighs 170 ki’os. or 380 lbs. The battery and the 
battery and the reserve are made independent, in order 
that the reserve may always be kept at high pressure, bo 
that an extra powerful effort may be given to the engines 


in case of need, even at the end of the trip. The different 
reservoirs of each group are connected by a strong and 
permanent By stem ot piping. Both groups send their air 
by pipes to the lower part of an apparatus called the 
heater. This apparatus is the most characteristic of the 
MSkarski system; and the need of some such appliance 
will be directly seen from the following calculation: 

In considering the expansion of a gas, the proportion 

of the volumes before and after expansion being — °, and 

y i 

the initial temperature being t 0 , the temperature at the 
end of the expansion is 


273 -H, = {Ko\" 

273 + 1 9 \VJ 

In the present case being one-Bixth, we find 


273 + tx = w 
273 -f tty 


If, by example, air Is introduced in the cylinders at the 
temperature of 15° C. (50° F.), it would go out theoretically 
at —135° C. (—211° F.). Outside of the necessity of pre- 
venting the moist ire in the expanding air from freezing 
up the cylinder-valve*, etc., we find it advantageous to 
have the Initial temperature as high as possible. For the 
work done is given by the expression 


Tm = (273 -t- <„) [29.28 (1 - -T -'- ) + 73.3 (1 - K ••>) J 

A i o 

In this expression, Tm is the work effected, t 0 the Initial 
temperature in degrees Centigrade, the resisting 
pressure, .P 0 the initial pressure and K Is the proportion 
V 

jy*. Therefore (273 4* 1 0 ), or, in other words, the absolute 

temperature should be made as large as possible. 

If the value for which the temperature of the escaping 
air is to be 15° C. (59° F ), it is found that the initial tem- 
perature should be 327° C. (620° F.), as calculated for theo- 
retically dry air. To avoid any such incqhVenienCe in 
using air at such a high temperature, and also the neces- 
sity in such a case of having Borne sort of a furnace, the 
principle in this system is to saturate the air with moist- 
ure at a much lower temperature, taking this moisture 
from the hot vjater inside the “heater.” The vapor in the 
air during the expansion is partially condensed, and this 
part, giving up it* latent heat to the air, acts to greatly 
moderate tho decrease in temperature. 

The heater (see Fig. 1) is in- form a cylindrical reservoir 
plaoed vertically on the forward platform of the train. It 
also is made of steel, and contains 200 liters (53 galls.) of 
w^ter under pressure and at a temperature at the outset 
of 155° C. (3U°F.). The air passes through the water in 
the heater in bubbles and becomes heated, and at the 
same time saturated with water. It collects here In the 
top part of this cylinder, which serves in the machine the 
purpose of a steam dome in a boiler This part contains 
a curved piece of sheet-iron which forms a sort of 
splasher. 

The regulator of the pressure (“dftendeur,” see Fig. 2) 
which the engineer manceuvers to change tho pressure of 
the air going to the cylinders, is on top of the heater. It 
Is a very ingenious apparatus serving to expand the air to 
the pressure from which it is found in the reservoirs to 
that at which it is to be used in the cylinders. This pres- 
sure, normally 4 or 6 atmospheres, on up grades is some- 
times increased to 15, and on down grades reduced to 
nothing, the supply cut off, and the tram loft entirely to 
run by gravity. This regulator is composed of two brass 
chambers superposed and separated by a rubber dia- 
phragm. The first forms a hydraulic press, in which a 
piston descending compresses water in an annular space 
where a small quantity of air Ib confined. This cushion of 
air is compressed and plays the part of a spring, by which 
the necessary tension is easily given to the water. 

[To be continued .] 
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The Mekarski Compressed-Air Tramway Motor. 

< Continued , .) 

The air, being heated and saturated, to pass to the cyl. 
Indore goes through an orifice of the lower chamber of the 
regulator in which a conical valve plays. This valvo is 
arranged In such a way that it closes by the effect of the 
pressure of the air In tho heater. It only opens when a 
pressure is made on its upper face actingon the diaphragm 
of the little hydraulic press. It Is seen that the first effect 
of the pressure In the hydraulio press Is to open the valve 
and admit air. As soon as the pressure In the lower cham- 
ber gets to be as great as that In the upper, the pressures 
on the two sides of the diaphragm being equal, tho valve 
closes by the pressure from below. This common pressure j 
which can be so easily regulated, is tho pressure fed to the 
cylinders. This pressure, which remains automatically 
constant as long as tho wheel moving the press is un- 
touched, can be varied at will. 

The air now passes to the cylinders, which are arranged 
in sets of two, each pair forming a tandem double expan- 
sion engine. The two cylinders of a Bet are of different 
diameters and are cast in one pieco. The rod of the two 
pistons passes through the cylinder head in a spring me. 
tallic stuffing-box. The air Is admitted to both cylinders 
in succession by the means of the same compound slide- 
valve. The admission to the smaller cylinder is cut off at 
about two-thirds the stroke. This air is now passed into 
the larger cylinder, whoee volume is four times larger 
than the first. The total proportion of expansion, there, 
fore, is about 0 volumes. Such an expansion cannot bo 
produced with the steam in locomotives, especially where 
great promptitude in starting is required. Both factors 
governing the tractive power can be ohanged— the cut-off, 
and the pressure of air— and consequently this system is 
one that can be most perfectly controlled. Since, however 
rom this large expansion it might result that with an in- 
itial pressure and cut-off the expansion would be to a 
pressure less than 1 atmosphere, and a negative work 
would ensue, there has been placed at the lower part of 
the cylinder an air-valve allowing outside air to enter in 
such an emergency. 


I/JNQITODIKSI, SECTION. OKOS3 SECTION. 

Figs. 3 and 4.— Sections of Cylinder. 

Figs. 3, 4 show a cylinder rather larger than the one in 
uae on this tram-way, designed for a full-Bized locomotlvo. 
It, however, shows the proper proportion and arrange- 
ment of the parts. The speed, so easily varied, can be 
made as much as 65 kilos. (40 miles) an hour if neces- 
sary. The legal limit of speed on the tram-way Is 20 kilos 
(1214 miles). 

The arrangement of the machine, in which the space 
nside the wheels and under the car is entirely taken up 
by the resorvolrB, obliges tho cylinders and their depend- 
ent parts to bo placed outside. Their protection, however- 
Is lnsurod by a shoet-lron boxing, which, with Its closod 
doors, conceals every thing under the car. In order that 
no difficulty in cold weather from the collecting and 
freozing of the moisture in the air may take place, the nlr 
is lod from the exhaust valves of the cylinder by a pipe 
out of the box and under tho car. So far the coldest 
weather has not had any disagreeable result In any part 
of tho machinery. 

Tho engineer is placed on the front platform of the 
tram, which is railed off from tho public, and manages the 
regulator. Two manometers are placed on top of the 
heater, and indicate the pressures in the battery und the 
reserve. A third manometer gives him the pressure in 
the regulator and the cylinders. All the motions of 
manoouverlng the machine are extremely simple: there is 
a lever to change the action of the slide-valve, thus giving 
more or less cut-off or changing tho direction of the mo- 


tion; there Is a lever to apply the air brakes; another to 
cut off the supply of air to tho cylinders, and a small 
cylinder in which, when the piston is pressed down, the 
escaping air sounds a horn. 

The two pairs of wheels are coupled by a connecting 
rod; thus both act as drivers, and the whole weight of tho 
car is made use of in propelling itself. The axles being 
only 1.6 meters (5 ft. 3)4 ins.) apart, they allow tho car to 
go around the shortest curves without difficulty. 

The tram, when charged with air, could make on an 
ordinary grading a run of over 20 kilos. (12)4 miles) with- 
out recharging, but on this track only 14 kilos. (9mileB) 
can be made, on account of tho heavy grades and the un- 
usual obstructions in the way of dirt, etc. The mean con- 
sumption of air on this line is about 10 kilos, per kilo. (35 
lbs. per mile) where the grade is the heaviest; where tho 
grade is only 0.02 only 7 kilos, per kilo. (24 lbs. per mile) are 
necessary. 

The machinery and apparatus for compressing the air is 
in two sections at two different stations, the larger at 
La Malt our nfe, and the other at Vincennes. The station 
at La Mai tournee has— 

Two tubular boilers of 60 meters <653)4 sq. ft.) heating 
surface apiece in the boiler house. 

In the engine room, four 35 horse-power steam-engines, 
euch working a large air compressor. 

A reservoir room containing twelve reservoirs of air at 
45 atmospheres of 1,250 liters (330.2 galls.) capacity and in- 
tended to contain the air compressed by the pumpB in the 
intervals between the charging of the cars. 

Reservoirs of woter and a fooding pump for the hollers. 

A workshop containing an engine, lathes, punching 
machines, blacksmith's shop, etc. 

An electric dynamo (Gerard) for incandescent lighting. 

A charging room for the tram-cars. 

Stables for the rolling stock. 

Offices for employes, ticket office, waiting-room, etc. 

Coal yards and yards for road materials. 

The operation of charging tho tram reservoirs Is made 
In a special room called the charging-room. Tho reser- 
volrs should hold, before the start, 3,106 liters of air, and 
the boater 200 liters of wator at a temperature of 155° C. 
Tho air and the Bteam which heats the water are brought 
to tho oharglng-room by pipes— copper for the steam and 
Iron for the air. These pipes end in orifices provided 
with screw cocks. Tho water iu the heater is heated by 
passing the steam from the steam-pipe through it, and Mt 
is only refilled with water when the heater Is emptied for 
repairs. For the operation of charging, the care are 
brought opposite the cocks, and by means of connecting 
pipes the cocks are put in connection with corresponding 
cocks in the car. The duration of charging Is about fifteen 
minutes. 

It lias been found possiblo, however, in the case of pro- 
longed runs, to have air pipes brought to the side of the 
track, aud a partial refilling of the reservoirs effected while 
tickets are being taken, etc. ; this takes only about three 
minutes. 

There are two parts of the Nogentals tramway that 
might bo oalled the main line and the branch; mainline, 
9,580 nielers (31,432 ft.); branch line, 2,108 meters (9,018 ft.); 
total length, 11.688 meters (38,348 ft) 

On this line the track varies in lts position ; 6,550 meters 
(21,200 ft.) placed on the sidewalk and 5,138 meters (17,060 ft.) 
placed in tho road or carriage way. The gauge, which is 
standard (1 ft. 8)4 ins.), is increased by one-fourth of an 
inch on curves. The track sot in the sidewalk Is made of 
Vignolles or T-rails of 8 meters length and weighing 
20.1875 kilos, the running meter (40 lbs. per yard), 
placed on oak ties of 2.2 X 0.14 X 0.1 meters (6 ft. 3 ins- 
X 5)4 ins. X 4 ins.) dimensions, set apart 0.875 meter (34 ins.), 
couter to center. These ties are cut in such a way as to 
give a cant to the rail of 1 In 20. The rails are fastened to 
the ties by iron screw spikes, and are joined to each other 
by ordinary fish-plates and four bolts with Trover nut- 
locks. The fishing of the rails is made over bridge joints, 
the ties being at this point 0.5 meter 20 ins.) apart, center 
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to center. The joints are not opposite each other, one 
being 0.5 meter (20 ins.) in advance of the other. The 
ballast here is 0.35 to 0.4 meter (14 to 16 Ins. thick; 0.15 to 
0*2 meter *5 to 7 ins.) of this is underneath the ties. 

The part of the track placed in the road is of a different 
pattern. It is mode of rails and flange-guards of steel 8 
meters (26 ft. 3 ins.) long, which are exactly similar in sec- 
tion, and in each of which one side of the flange is nar- 
rower than the other. These weigh 17.925 kilos, the 
running meter (36^ lbs. per yard), and are joined by fish- 
plates. The rails and flange-guards are separated by a 
groove of 0.029 meter (l^j ins.) on tangents and 0.035 meter 
UMi ins. } on curves. They are supported and held together 
on cast-iron chairs by bolts. These chairs are 0.25 meter 
(10 ins.) high, and their heads form jaws in which the foot 
of the rail is held at the proper angle of 1:20. The chairs 
in their turn are fastened by iron Bcrew spikes on oak ties 
of the same dimensions as before, set, however, 1 meter 
(40 ins.), center to center. A number of cast-iron cross- 
bars, holding the foot of the rail, assure the firmness of 
the gauge. The fishing of the rail joints and the joints of 
the flange-guards is made between the ties, as in the other 
system, the ties being brought to within half a meter (20 
ins. ) for the purpose. The joint of the first rail is half a 
meter (20 ins.) in advance of that of the second, and the 
joint of the first flange-guard is opposite that of the second 
rail, and vice versa. These ties rest on abed of ballast 0,05 





Fig. 5.— Forty and Fifty-ton Locomotives on the Compressed-Air System, designed 


by M. Mekarski for the City of Paris. 
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to 0.15 meter (2 to 5 ins.) thick, and this ballast is leveled 
up to the top of the ties. 

The track in the road is almost all paved ; the height of 
the chairs allows a bed of sand 5 to 9 centimeteis 
(2 to 3 ins.) deep to be placed between the lower surface of 
the paving stones, which are 0.2 meter (7 ins.) deep, and 
the top of the ties. Over a length of 560 meters (62G yds.) 
of this part of the track the rails are set in chairs 0.138 
meter (5% ins.) high and 0.14 x 0.2 meter (5% X 8 ins.) base, 
weighing 934 kilos. (20% lbs.) and. resting on a bed of 
concrete of 0.15 meter (5 ins.) thick. This is paved with 
stones set in Portland cement. In this portion this special 
form was used on account of the shallow space allowed in 
crossing bridges, etc. Side tracks are established at 
various points to allow of passing of the trams going in 
opposite directions. The minimum distance apart in this 
case of the two tracks is IK meters (5 ft.), allowing a clear 
separation of the two cars of 0.6 meter (2 ft.) 

The switches (Delettrez system) are automatic, allowing 
the car going towards the switch only to take the right' 
hand track, but by a spring the car, either on the side track 
or the main line, always keeps to the rails, moving the 
tongue of the frog. There are turn-tables at intervals, by 
which the car can be turned 90° or 180° by hand. Their 
diameter is 2.8 meters (9 ft.) 

The following is an approximate estimate of the cost of 
the different types of track: 

(а) Vignolles rails on the side track: Cost per meter, 
20.53 francs ($4.11); cost per yd., $3.70. 

(б) Vignolles rails, with special curbstone and sidewalkB: 
Cost per meter, 29.87 francs ($5.98); cost per yard, $5.40. 

(c) Track on the road paved between the rails and half a 
meter each side: Cost per meter, 62.54 francs ($12.51); coat 
per yard, $11.27, 

(d) Track on the already pived. road: Cost per meter: 
33.23 francs ($6.65) ; cost per yard, $6. 

(e) Track on macadamized road: Cost per meter, 35.68 
fi ancs ($7.15) ; cost per yard, $6.44. 

(/) Track on a bed of concrete 15 meters thick, with 
paving set in Portland cement: Cost per meter, 69.02 
francs ($13.81); cost per yard, $12.44. 

Of course, in these figures account has only been taken 
of the cost of the track proper and of the prices of ma- 
terials and of labor. Borne other expenses regarding the 
locality have not been taken account of, such as a pay- 
ment of $6,400 for bridge restoration, costs of grading and 
straightening roads, moving gas and water pipes, moving 
trees in the Dois de V lucennes, etc . These extra expenses 
added more than a fifth to the regular cost of the road . 

In a supplemental report Mr. Rathbonk speaks 
of the application of this system to locomotives, as 
Illustrated in Fig. 5. This engine was designed for 
use on a metropolitan railway, either in a tunnel or 
elevated, where steam would be objectionable. He 
says: 

M. M^karski shows that with a charged pressure of 50 
atmospheres air locomotives might be constructed of an 
external form similar somewhat to steam locomotives, 
without tenders or smoke stacks. The air reservoirs oc- 
cupy on the frame the place of the boiler, without ob- 
structing the engineer's view. He has designed, with this 
idea, the two types of locomotive given in the plate, show- 
ing the side elevations of each and a transverse section. 
The first type in working order weighs 40,000 kilos. (44 
tons). It carries three large cylinders charged each wi,th 
compressed air. The second model is composed of two 
smaller carriages coupled back to back like a locomotive 
to its tender. The two form a locomotive of 50,000 kilos 
(55 tons). 

The 55-ton locomotive is designed with a view to devel- 
op a tractive power of 6,000 kilograms (13,228 lbs.) and to 
run around curves of 150 meters (492 ft.). It is composed 
of two separate machines mounted on two coupled pairs 
of driving-wheels each. The reservoirs of compressed air 
are mounted on the two trucks, which are so arranged 
that a central cab, where the engineer is placed, Is formed 
by the joined ends. The view from this cab is in no way 
obstructed by the reservoirs in either direction, and they 
are entirely hidden undor a covering of sheet-iron. 


The total length of the truck from end to end. including 
the buffers, is 14.4 meters (47 ft. 3 ins.); the greatest width 
Is 3.2 meters (10 ft. 6 ins.), and greatest height above rails 
1.3 meters) 4 ft. 3 ins. The diameters of the cylinders are, re- 
spectively, 0.26 meter (103^ ins.) and 0.5 meter (19% ins.); the 
common stroke is half a meter (20 ins.) Each of the four 
reservoirs is 5.2 meters (17 ft. I in.) long. Three of them 
have an internal diameter of one meter (39% ins.); the 
fourth, smaller, is only 0.6 meter (23% ins.) in diameter. 
The reservoirs are made, of soft steel, 20 millimeters (%in.) 
thick for the large, and 12 millimeters (% in.) for the 
smaller one. The total capacity of one battery is 13 cubic 
meters (460 cu. ft ); the weight of air compressed in them 
would be 800 kilograms (1,764 lbs.), or a total of 1,000 kilos. 
(3,528 lbs.) Each battery weighs about 10,500 kilos. 11% 
tons). 

There is a heater and a regulator on each part of the 
locomotive, but they are so arranged that by maneuver- 
ing one of them all the cylinders of both machines will be 
similarly affected. Besides the hot water in the two 
heaters proper, there is an extra supply of hot water in 
two reservoirs under each part of the cab— four reservoirs 
in all which communicate with the heaters. The total 
capacity of hot water in each machine would, therefore, 
be 1,000 kilos. (2,205 lbs.) 

The air in this machine, after being used, passes through 
an arrangement which might be called a condenser. This 
is used in order that no moisture, even in minute Quan- 
tities, might be deposited in the tunnels. It acts simply 
to connect the moisture in the exhaust air, and is in form 
similar to a, tubular condenser for a steam engine. 

There is little to be said of the 44 ton machine, after 
having the preceding description, since it has very much 
the same characteristics. It 1 b formed of a single frame* 
mounted on three pairs of driving-wheels, all coupled. 
The reservoirs are of the same diameter as in tfie 55-ton 
type, and are similarly placed, only varying in their 
length. It might be added that, no fireman being noeded 
for these locomotives, a great saving in wages is effected, 
but this is nearly made up for in the extra labor, capital, 
and wear Incurred in having the extra stationary plant. 

Mr. H. A. Shackelfohd, Consul at Nantes, adds 
as follows concerning the operations of the line in 
that city* The maximum grades In the line in 
Nantes are about 25 ft. per mile, but present no 
difficulties in operation. The cars used are clumsy 
and weigh twice as much as American cars. The 
cost of running a car, for a daily run of 60 miles, is 
as follows:— for coal and oil, $1.20; wages for opera- 
tor and conductor (New York prices) $3 to $3.50; 
repairs to cars, $1.80 ; total $6.50 per day, or 10 to 11 
cts, per mile. 
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AH IMPROVED PNEUMATIC RAILWAY SYSTEM. 

The accompanying illustration represents a pneu- 
matic railway system, patented by Mr. (jeorge W. 
King, designed to provide, by simple and efficient 
devices a continuous air current to the motor on the 
ear body, without leakage, and without friction or 
pressure on the valves, while requiring no radical 
changes in the permanent way. Fig. 2 is a longitudinal 
KCtion of a portion of the air tube or conduit, Figs. 3 
and 4 being cross sections, while Fig. 1 represents the 
application of the system on a street railway. The 
underground conduit is indicated at A in Fig. 2. and it 
has a continuous slot over which fold flap valves 
riveted to the edges of the slot, as shown at (j in Fig. 

3. The piston, B, consists of a tube of 
slightly less diameter than the air tube, 
and on its outer edges are packing 
rings, F, making a close joint between j 

the tubes A and B, while tile upper 
lace of the piston has a central depres- 
sion serving as a recess for the ends of 
the valves when they are depressed. 

A hollow roiinecting shank, is 

rigidly secured to the piston in this 
depression, the tipper end of the shank 
being connected with any suitably con- 
structed motor on the car body. The 
shank is elliptical in horizontal section, 
its ends serving as openers or spread- 
ers as they pass along in the slot of 
thetube, making continual communi- 
cation between the tube and the 
motor. To gradually open the flaps its 
the air-connecting shank passes along, 
the lower longitudinal faces of the lat- 
ter are provided with horizontal cams 
having curved under faces, whereby, 
as the shank passes along the air tube, 
communication will be had between 
the atmospheric air and the air in the 
pocket or chamber formed between the 
piston B and the tube A, and so much 
of the valves as is necessary to be 
spread apart will he relieved of air 
pressure, thus reducing the frictional wear on the valves 
to a minimum. To effect such communication with 
the outer air, the shank, C, is provided with short ver- 
tical air channels, 1). the upper ends of which open out 
above the conduit, w hile their lower ends open into 
the space, K, below the flap valves when in their lower 
most opened position, Whereby any compressed air in 
the pocket between the cylinders will escape. It is 
claimed that the cost of construction and maintenance 
under this system will be low, the cars carrying no un- 
necessary weight, and there being small loss of power 
by friction, while it iB unaccompanied by noise, and 
the cars can be started and stopped without jecking. 
The necessary bells, gongs, brakes, etc., may all be 
worked automatically by the compressed air, which 
may also, after use in the motor, be utilized to assist 
ventilation w hen this is deemed desirable. 

For further information relative to this invention 
address the patentee. No. 

1251 Bigh Street, West, 

Washington, I>. C. 
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EN 7-5-90 

The Mekarski Compressed Air System. 

London. Juds 16, 1890. 
To the Editor or Engineering News: 

Sir: Seeing that you are giving a lull account of Iho 
»o-cal!ed ".Mekakski" system of using compressed air for 
propelling purposes, and that you express a favorable 
opinion of giving a dose of beat to the compressed air he 
fore entering the cylinder. I beg to call your attention to 
the fact that this is not the invention of Mekarski at all, 
but was patented by an Englishman, one James Glaze- 
brook, who in his Patent No. 2,164 of 1797 described the 
results obtained by pasr ing the air through a vessel of 
heated water, and expanding it thereby. 

In 1801, in his Patent 2,504 of that year, he furthor de- 
scribes his improvements on hts first patent, and proposes 
uring it to propel pistons or other mechanical apparatus, 
as you Vclli see by referring to his two specifications. 

Feeling sure that you desire to record nothing but facts 
in your valuable and Interesting journal, I send you this 
information. 

Some years ago a gang of company promoters in Lou- 
don got up a company to purchase this “invention," but 
finding from these patonts that the whole matter was 
public property and that consequently they had nothiug 
to Bell, and that the public had nothing to buy, it “burst 
up,” to the great disappointment of the promoters, who 
had stood in for a good “pull" out of the pockets of the 
public. Char F. T. Young, C. E. 

[Certainly it was not with any intention that it 
was even implied in anything we published 
that giving a “dose of heat” to compressed air was 
in any sense original with Mkkarski, or any other 
inventor of the present generation. It has been 
used in a dozen different plans for working com- 
pressed air within the past 20 years, and long since 
we should have said had become an axiom of engi- 
neering. Glazkbrook may well be the ilrst who 
ever discovered the useful effect of such heating ; 
we know of no evidence to the contrary, at any 
rate. The great benefit of the process is that it con- 
verts the heat so applied into power at nearly its 
theoretical efficiency, and that it will do so is so 
evident from our modern knowledge of thermo- 
dynamics that no special credit could attach to any 
contemporaneous suggestions of the kind, even 
were it novel.— E d. Eng. News.] 
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Compressed Air Motors at Toledo. 

T he Toledo Consolidated Street Railway Co. of Tol- 
edo, O., has been making a number of experiments re- 
cently with compressed air as a motive power, with very 
satisfactory results. The system used is the Mekarski, 
and is similar to that which has been in operation 
for a number of years in Nantes and other parts of 
France, and which was described in our last issue. The 
motor car now in use on the Consolidated company’s 
line was built for the American Mekarski Compressed 
Air Motor Co., by the Rand Drill Co. of New York, and 
carries eight tanks for the air, which are charged with an 
initial pressure of 6oo lbs. With this charge the car 
is capable of running eight and a half miles without 
recharging, and of drawing another car at a speed of 
twenty miles per hour. We are informed that the Consoli- 
dated company are so well pleased with the equipment that 
they have ordered twenty-six additional cars equipped 
with the same system. 

In view of the results obtained with compressed air 
abroad, the results of its operation in this country will 
be watched with interest. 


The following is the exact copy of a response made 
by a witness to an accident on one of the Los Angeles 
cable cars : “ I think the lady was to blame some as well as 
the conductor she was a litel slow in geting off and got off 
back formost which is olmost sure to throw one. I also 
think the conductor puled the bell rope a litel to quick do 
not think he done it apurpes do not think she was much 
hurt only seteled hur dinner.” 


THE STREET RAILWAY JOURNAL. 


March, 1892. 
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Street Railways of Toledo, '0. 


Toledo is peculiarly fortunate in possessing enter- 
prising street railway companies. To them the city owes 
not a little of its prosperity. They have provided the 
most approved rapid transit facilities, and they are con- 
stantly increasing the efficiency of their service. They 
have been greatly instrumental in making Toledo a de- 
sirable place of residence. The two companies cover the 
city thoroughly, so that it is possible to reach almost any 
point within the municipal limits quickly and conven- 
iently. They provide rapid transit ; one of thdtn at the 
present time operates all its cars by electricity ; the other 
company employs the same power for running the great 


majority of the cars. Within a year horses will be aban- 
doned on all the lines. 

TOLEDO ELECTRIC STREET RAILWAY COMPANY. 

The Toledo Electric Street Railway Co. occupy six- 
teen and a half miles of street, on which are laid twenty 
four and a half miles of track. 

The power house of the company is located on Water 
Street between Oak and Adams Streets. The building 
has a frontage of 100 ft. and it is 165 ft. in depth. It is 
one story in height, but it is an exceedingly high building 
fora one story structure. When one visits the plant he is 
struck first of all by the wisdom of the owners in provid- 
ing an abundance of room for increase in capacity. 
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Twice the amount of power now generated maybe 
required on the road, and the necessary machinery can be 
located in the building, with an abundance of room to 
spare. So many electrical plants have outgrown their 
quarters, especially those intended for lighting, that this 
characteristic of the Toledo company’s station may be 
referred to as an especially commendable feature. 

The boiler room is located in the front of the build- 
ing. The boilers now installed are four in number ; they 
are tubular, and were manufactured by Stewart & Sons of 
Worcester, Mass. Two, and at times three, boilers gener- 
ate the steam for the engines. 

Coal is now used as fuel. Natural gas was used 
until November x, when the general supply was not suffi- 
cient to meet the requirements of consumers in the city. 


500 h i'., but upon occasions they have developed 600 and 
700 11. p. respectively. They are cross compound condens- 
ing. Water for condensing is secured from the Maumee 
River directly in front of the power house. The flywheel 
of the large engine weighs 55,000 lbs. and that of the 
smaller 42,000 lbs. Belts made by the Jewell Belting Co. 
are used throughout. 

Bight generators supply the current. Six of these 
are Thomson-I Iouston machines of eighty n. p. each. The 
other two are Westinghouse four-pole machines of 200 it. 
p. each. 

In operation the plant proves extremely economical. 
From six to eight men, including firemen, engineers and 
generator men, operate the plant for the entire twenty- 



FIG. I.— MEKARSKI COMPRESSED AIR MOTOR CAR— TOLEDO CONSOLIDATED STREET RAILWAY CO. 


Manufacturers and owners of steam plants were forced to 
use other fuel. About the first of April, when the demand 
from residences is much less, the company will resume the 
use of gas. 

The power house was constructed with a view to 
securing solidity and freedom from vibration. The walls 
rest on Soo piles ; 700 piles were driven in- the space 
inclosed by the walls. All the.machinery in the engine 
and generator room, that is, the engines, counter shafting 
and dynamos, rests on exceptionally massive masonry. 
The floor is covered with concrete to the depth of from 
one to four feet. The entire interior is perfectly free from 
moisture. The two engines were manufactured by C. & 
G. Cooper it Co., of Mount Vernon, O. They are of 450 and 


four hours. 

Until the recent fire, described in our last issue, which 
destroyed one of the car houses containing a considerable 
part of the equipment, the company operated forty-four 
Westinghouse single reduction motors of twenty h. p. each* 
six Thomson-Houston S. R. G. motors and ten double 
reduction Thomson-Houston motors of thirty h. p. each. 
Two special motors built by the company were .also oper- 
ated. The machines are somewhat different from the 
ordinary type. The fields are run in series, and, it is. 
stated, excellent results both in speed and power have 
been obtained. Brill cars and trucks are used exclusively 
on the road. 

The company has had two car houses. One of these 
has just been finished at the corner of Ontario and Galena. 
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Streets. It hns a frontage of 125 ft. and is i 75 ft. in depth. 
It has ten tracks, and is provided with pits for the exam- 
ination of motors. It is a well lighted and well arranged 
structure. The company’s other car house on Canton 
Avenue corner of North Street, was recently burned. 

Heating on some of the cars is effected bv an electric 
heater constructed on the company’s own design. It is 
extremely simple. Imagine a four-foot section of water 
spout constructed of zinc, and little need be added to the 
description. This cylinder is heated by passing a current 
of electricity through it. The bare metal is covered with 
asbestos cloth and then with canvas, and treated with a 
coat of shellac. Four of the heaters are placed in the 
car ; they are hung just far enough below the seat so that 
passengers may rest their feet against them. 

The officers of the company are ]>avid Robison, Jr., 
president; L. S. Baumgardner, vice-president and lames 
J. Robison secretary and general manager. 

TOLEDO CONSOLIDATED STREET KAILWAY C'E 


a reservoir located on a dock in the rear of the building. 
It is brought to that point from the railroad yard ;n a 
small tank car which the company runs over its lines. The 
live steam purifier which is used is set below the water line 
of the boilers It is of the tvpe manufactured by Stilweil 
& Bierce, of Day ton, O. A Dean pump is used for forcing 
the water into the purifier and thence into the boilers. 

On the same floor are located the engines, which ate 
the Hamilton-Corliss, compound condensing, of jco ie i- 
each. Water for condensing is taken from the river. In 
the same room is located the air compressor used in con- 
nection with the Mekarski compressed air motor shown in 
Fig. 2. 

The generator room is directly above, the engines 
belling to a line shaft. The main ^elt, which is forty-eight 
inches in width, was made bv Charles Munson & Co., of Chi- 
cago. Current is generated by two Edison machines of 
250 h. ic capacity and five Thomson-Houston 80,000 watt 
machines. 

The company are operating at the present time thirty- 
nine double reduction Thomson-Houston motors of fifteen 


The Consolidated Street Railway Co. of Toledo has , H - >'• each > and five Eickemeyer motor cars ; four of these 
an extensive system. Its twelve lines aggregate sixty-five 
miles, of which forty are 


operated by electricity at 
the present time : the re- 

mainder is traversed by 
horse cars. The company 
proposes to utilize electric 
motors on all its lines, and 
within the next year all the 
horses will be out of em- 
ployment. It gives an ad- 
mirable service. All the lines 
are now laid with heavy 
girder rails with the excep- 
tion of fifteen miles on which 
a substantial steel tramway 
construction was built with- 
in the last four years. Seven- 
eighths of the lines are 
paved ; indeed, thirteen 
miles of paving was done 
last year. During next year 
the company will build four 
miles of track in new terri- 
tory, and will put in double 
tracks on several old lines. 

The main station of the 



company is located at the FIG . 2 ._a:r COM PRESSOR— TOLEDO CONSOLIDATED STREET RAILWAY CO. 

corner of Water and Monroe 


Streets, fronting on the latter street. Its dimensions are 
1 10X 240 ft. The front part of the structure on the ground 
floor is used as a car shop. It is conveniently arranged 
with pits so that mot ors can be readily inspected. The 
repair shops are also located here. Directly overhead is 
the winding room, and excellent work in winding arma- 
tures and coils is done. 

The power station is in the rear of the building. This 
portion of the building is entirely fireproof. The boiler 
room contains four Wharton-Harrison boilers, each of a 
capacity of 150 h. p. Crude oil is used as fuel. The Reed 
oil burner, furnished by the Standard Oil Co., is em- 
ployed. Until within a short time natural gas was used ; 
when the supply was cut off the resort to oil was made, 
and the change has proved so entirely successful that it is 
questionable if a return will be made to gas. The boilers 
are arranged for either kind of fuel. The oil is stored in 


latter are double connected and the other is single con- 
nected. The capacity is thirty h, p. each. These motors, 
which were built by the Western Electric Co., of Chi- 
cago, are giving entire satisfaction. Six additional 
motors of this type will soon be put in operation. The 
electrical equipment of the road is working excellently 
and to the satisfaction of the residents of Toledo. There 
are several points in t fie road where, owing to the branch- 
ing of several lines at one point, there has been some com- 
plicated construction, but all problems have been satisfac- 
torily solved. The officers of the road are : Norman B. 
Ream, Chicago, president ; Albion E. Lang, vice-pi esident 
and general manager ; William E. Hale, Chicago, treas- 
urer; Charles L. Wight, secretary. 

The Mekarski American compressed air motor car 
shown in Fig. 1, is in use on the road; it has been in 
operation a little over three months. It is giving satis- 
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causes which render steam dangerous are impossible. Even if an 
explosion should occur by a rupture it would be while charging the 
reservoir at the time of maximum pressure and not in transit, and 
the air would simply escape with a hissing sound ; cold, not heat, 
would result from the expansion. 

The car acts as its own governor and no more air can be used 
than is necessary to overcome the resistance ; there can be no waste. 
There are no horses in front to obstruct a clear view of the track. 
At a speed of twelve miles per hour the motor can be stopped on a 
level within its length, and the braking apparatus cannot get out of 
order so long as the motor can move at all. 

The pneumatic motor would be peculiarly adapted to under- 
ground roads, as the escape of pure air would assist in the ventila- 
tion, but it is the best possible for all uiban or suburban roads, 
whether elevated, surface or in tunnels. 

In this paper results only have been given, but the full report 
made in 1S79 gives the facts upon which the conclusions have been 
based. 

A detailed estimate was made from data furnished by the oper- 
ations of the Second-avenue railroad and a comparison of cost of 
operation by horse power and by the pneumatic motor. In this 
estimate it was assumed that a compression plant was located at 
each end of the route, requiring double the expenditure for plant 
and double the expense of operation over a single plant located in 
the middle of the run, which would answer just as well. The esti- 
mate for pneumatic power was designedly made in excess, so that 
errors would be on the safe side, and the cost of horse power was 
from actual results on the Second-avenue railroad. 

On the basis of 16,000,000 passengers carried on this road in 
1 S 7 S, the year previous to the report, the actual results of operation 
by horse power were : 


Running expenses per passenger in cents 2.S8 

Estimate by pneumatic motor 0.93 

Cost per passenger by horse power, including general expenses 

and a six percent, dividend 4.55 

Estimate by use of pneumatic motor 2.57 

The dividend was $72,000=0.45 cents per passenger. 

The conclusion from the data furnished was that a very small 
increase in the number of passengers would permit the company to 
sell ten tickets for 25 cents and still pay fairdividends upon the capi- 
tal invested, besides furnishing a rapid transit the speed of which 
would be limited only by considerations of safety. 

But all these demonstrations and representations, backed by 
the very strongest indorsements of the daily press in New York and 
by the actual running of five motors daily for a period of several 
months, availed nothing against the senseless cry, “It will scare 
horses,” or, “ The motor cannot be run unless we put stuffed horses 
in front of each car.” It is true that horses on the opposite track 
did at first prick up their ears, look at the motor and shy a little, 
but they never gave any trouble and soon became accustomed to 
it, and no case of a runaway accident with street vehicles was heard 
of, but prejudice, which proved all powerful to exclude the pneu- 
matic motor at that time, did not prevent the introduction of the 
trolley and cable systems very soon afterwards. 


TRIE MEKAUSKI COMPRESSED AIR TRAM- 
WAY AT BERNE, SWITZERLAND. 

The application of compressed air for the pro- 
pulsion of street ears has been a fruitful source 
for the design of various inventions and devices, 
only a few of which hnve proved practically suc- 
cessful. Among the successful systems is the 
well known Mekarski system, described und il- 
lustrated in our issues of May 24 and 31, I 860 . 
For suburban lines and lines with light traffic 
the advantages of independent motors are very 
considerable. The Mekarski system is in regular 
operation at Nantes and Puris, France, on lines 
which are practically level, but it has also been 
introduced in Berne, Switzerland, on a line about 
two miles long, with grades of 0.25% to 3.7% ana 
5.2%, and has been In regular operation for over 
twelve months. 

In the Mekaraki system the air is eompresseu 
by a stationary plant and forced into storage cyl- 
inders carried under the car, the air passing to a 
pair of driving cylinders, and operating the engine 
by expansion in the cylinders, in the same way 
that steam is used in a steam engine. A special 
feature of the Mekarski system is the heating of 
the air, to maintain it at a constant temperature, 
by passing it through superheated water at 330° F. 
The air thus becomes saturated with steam, which 
subsequently partly condenses, its latent heat be- 
ing absorbed by the expanding air. Without this, 
the temperature of the air would fall so rapidly 
that it would be practically useless for motive 
power. 

In the compressor station are four compressors, 
driven by gearing from a shaft driven by belts 
from the turbines at the city’s power station. The 
compressors are horizontal, of 35 HP. each, and 
three of them are in regular operation, with the 
fourth for reserve. The turbines and main shaft 
make 130 and 207 revolutions per minute, respec- 
tively, and the compressors make 80 strokes per 
minute. Each compressor has two cylinders, the 
larger one compressing the air to 73 lbs. per sq. in. 
and the smaller one to the maximum of 469 lbs. 
per sq. In. The pressure in the oar reservoirs is 

440 lbs. per sq. in. From the main tanks the air 
is conveyed in pipes, crossing the river Aare by 
an iron bridge erected for the purpose, to the 
charging station, where it is stored in iron reser- 
voirs or aecummulators of 31.4 ins. diameter, and 
44.15 cu. ft. capacity. These are placed at the 
back of the ear shed, where there are also three 
vertical boilers to supply the steam and water 
for the heating chamber on each car. 

The following is an abstract of an article in ‘•En- 
gineering,” of London, by Mr. C. S. Du Riche 
Preller, describing the line ut Berne: 

The cur shed, to which are attached a repair shop 
und the company’s offices, contulns four parallel lines 
of rails provided with a cleaning pit each, and inter- 
communicating by a transfer table, and a turntable, 
there being no outside spuee for sidings. Three trucks 
are iouding Hues, two being used during the day ex- 
clusively for the curs running In for loudiug and oul 
for service, while the third Is used for one or two curs 
standing always ready loaded In case of accidcut or 
special service, and the fourth track serves for the 
empty reserve cars and those uudergolng repair. 

The charging plant Is placed at the end of the three 
loading tracks, and consists of four superposed hori- 
zontal pipes of 1.2 Ins. Inside diameter running uloug 
the waU, and of the gage, regulator, und vulve ap- 
paratus surmounting them, and fitted In the center. 
The uppermost of the pipes connects direct with the 
main from the ulr-compressing station, which pusses 
through the accumulator room, and there also connects 



with tlao accumulator battery. The second pipe con- 
nects with the accuumlntors, but is also connected with 
the compressed air main; the third la the steam pipe, 
and the fourth the water pipe, both connecting with 
the bollerB In the accumulator room. The discharge 
from these pipes, on the loading of the cars, takes 
place through upright connecting pipes and two valves 
governed by two corresponding sets of regulators 
marked “Water” and “Air” respectively, the pressure 
in the compressed air, accumulator, and steam pipes 
being registered by three corresponding pressure gages 
fitted above the valves and regulators. There being 
only one valve regulator and gage apparatus for the 
three lines of rails, one car only, stationed on one or 
other line, can be loaded at one time, the connections 
of the other two lines being cut off In the meantime. 
This is a disadvantage, especially when an increased 
ordinary or an extraordinary traffic on special occasions 
requires the dispatching of several loaded cars lu quick 
succession; and to meet -this contingency each line of 
rails should be provided witfi its own regulator, valve, 
and gugo apparatus, so as to enable two or three curs 
to be loaded simultaneously. 

Each cur, with front and back platforms, rests on 
two iron frames. The lower edge of the outside frame, 
composed of plates and angle irons, with diagonal brac- 
ing. is B.9 ins. above the head of the rails, so that the 
compressed air cylinders, as well as the motors, are 
effectually concealed and protected. The smaller inside 
center frurae serves for the axle bearings, the motor 
cylinders being placed between the two frames. 

The engine is constructed like an ordinary steam 
tramway locomotive, and drives two coupled axles, the 
wheel base being 5.2 ft. It has a pair of outside hori- 
zontal cylinders, 5.1 x 8.6 ins.; four coupled wheels, 
27.5 ins. diameter, and the total weight of the car when 
full is about 0.5 tons. The authorized speed Is about 7 
miles per hour. Taking the resistance due to the 
grooved rails and to curves under unfavorable condi- 
tions at 30 lbs. per ton of car weight the engine has 
to overcome on the steepest grade, 5%, & total resistance 
of about 0.63 ton, uud has to develop 25 HI*. At the 
maximum authorized working pressure in cylinders of 
170 lbs. per sq. In. the motors can develop a tractive 
force of 0.64 ton. This maximum is, therefore, just 
sufficient to take the car up the 5.2% grade, while on 
the flutter sections of the line the working pressure does 
not exceed 73 to 147 lbs. per sq. In. Sand has to be 
frequently used to Increase the adhesion on the 2% to 
5% grades, 

Botween the two car frames are suspended ten hori- 
zontal compressed air storage cylinders, varying iu 
'length according to the available space, but of uniform 
inside diameter of 17.7 ins., composed of riveted 0.27*in. 
sheet iron, and tested up to 588 lbs. per sq. in. These 
cylinders have a collective capacity of 64.25 cu. ft., 
wlilch, according to Mr. Mekarski’s estimate, should 
have been sufficient for a double trip, 3% miles. The 
trial trips, however, showed this estimate to be inade- 
quate, nnd two further small storage cylinders had 
therefore to be added of 5,3 cu. ft. capacity each. 
These had to be placed lengthways uuder the seats of 
t lie car, bringing the total cubic contents of the 12 stor- 
age cylinders per car up to 75 cu. ft., divided into two 
groups, the working and the reserve battery, the former 
of 4t) cu. ft., the latter of 20 cu. ft. capacity. 

A pressure gage indicates to the driver at all times 
tko pressure to which the air inside the valve- box has 
expanded, while by means of & three-way valve the 
air, under reduced pressure, is allowed to pass either 
to the cylinders of the motors or to those of the brukes, 
or is entirely cut off. On the right of the driver there 
are fixed to the hearing chamber three other valves, of 
which two are used for loading air and steam, and 
a third admits the air coming from the loading station 
into the working and reserve storage cylluders or bat- 
teries of the enr, the pressure iu these batteries being 
registered by two separate pressure gages. 

Each car is provid»*d with an air brake, consisting of 
a pair of small cylinders into which compressed air 
is admitted by the three-way valve already mentioned, 
and whose pistons act upon the brake blocks. Besides 
this air brake each car carries a single-acting hand- 
screw bruke. 

There are 16 seats inside the car and 12 standing 
places on the back platform, making 28 passengers, or, 
together with the driver on the front platform and the 
conductor, at 165 lbs. each, a load of 2.25 tons. The 


weight of the car, including compressed air, is 7.25 tons, 
the total weight therefore 9.5 tons, while the width 
Is 6.56 ft., and the total length 23 ft., with u wheel 
base of only 5.25 ft. The overhang of the back pint- 
form, 8.65 ft., is excessive, the more so as the load of 
12 passengers and the guard which It has to support 
equals nearly 1 ton, or 45% of the entire passenger 
load, and is insufficiently balanced by the heating cham- 
ber and passenger load in the front part of the car. 

Ou the other hand, the closed part of the car. with 
only 10 seats, Is too small, and the car as a whole can 
certainly not be said to be well proportioned. The 
noiseless motion of the cur renders a loud and effective 
caution signal necessary, and this, instead of the usual 
bell or whistle, consists of a horn, the car showing, 
moreover, at night, large red and green lights ou the 
right and left, and two large white lights with reflec- 
tors on the front or driver's platform, on which is also 
placed a small coke stove which supplies hot water for 
boating the car during the winter season. The cars 
are fitted with two buffers In front, and a coupling bar 
at the tail for attaching a trailing car, which, however, 
is never done on the Berne line. 

With an experienced staff, the operation of completely 
refilling and loading au empty car in the morning and 
getting It ready for service take* about 30 xulnui.es; 
that of reloading and turning & car dtfring the day oc- 
cupies about 15 minutes, the work of reloading, properly 
speaking, being performed in about eight minutes. 
Each car in its turn remains at the station one day 
out of seven for the cleaning of the machinery and 
the regulating of the brakes. 

The main line traverses the town from east to west, 
and measures two miles, within which, being a single 
line, It has about eight passing places about 66 yds. 
in length. The curves have a minimum radius of 104 
ft. ou the main line, and 98 ft. in passing places and 
terminal sidings represent 27% of the whole length, 
while the steepest grade is 5.2%. The track consists 
of grooved “Demerbe” rails and automatic turnouts, 
without cross-ties or longitudinals under them. The rails 
rest on a gravel foundation, or on concrete where the 
soli is loose, and are kept to gage by flat iron tie bars 
6.56 ft. apart. It is surprising that this type of tram- 
way rail should have been adopted, seeing that it is 
everywhere being replaced by the Phoenix girder rail, 
or the Haarinann or the Marsillon system (double flange 
rails). The inherent defects of weakness and of insuffi- 
cient depth of groove of the Demerbe rail go & long 
way to account for the considerable extra resistance 
which the cars at Berne have to overcome, more es- 
pecially on curves where the grooved rail, moreover, 
precludes the gage being widened. As the line is being 
laid in the center of the paved roadway, the outer rail 
is not raised, except In a few places where the super- 
elevation is 1 In. The width of excavation for laying 
the permunent way is 6.56 ft. to a depth of 10 ins. 
The weight of the rails and track, including fastenings, 
is 00 lbs. and 142 lbs. per yd., respectively. The ex- 
tensions will be laid on one aide of the road with 
heavy and deep-grooved Phoenix girder rails, although 
ou suburbun roads single flange rails, with guard rails 
on sharp curves and at cross roads, would be at once 
more efficient for adhesion, and more economical, seeing 
that the present cost of Phoenix track is, including 
laying, $4.75 per yd:, as against only $3.75 per yd. of 
line laid with 40-lb. to 44-lb. flange rails. Pending the 
erection of the requisite new compressed-air plant, the 
suburban extensions are to be worked with 17-ton steam 
locomotives. 

The total cost of the main line, Including turbine 
transmission, compressing, accumulator, and loading 
stations, carshed, repair shop, offices, passenger huts 
at stopping places, and 10 motor cars ($3,000 each, com- 
plete), was $92,000, equal to $48,960 per mile. 

The works of the line were carried out under con- 
tract by Mr. Anselmler, of Berne; while the compressed- 
air plunt and motor cars were supplied by the Beruo 
Maachlnen Fabrlk, from the designs of Mr. ilekaraki, of 
Paris. The inadequacy of the calculations and esti- 
mates In some important particulars, in relation more 
especially to the supply of compressed-air and to the 
tractive force of the motor cars, entailed during the 
execution of the works a good many modifications and 
consequent delays. 

The number of single journeys made per day of 14 
working hours is 160, equal to about 300 car-miles, the 
mean number of passengers In the year 1891 being 
3,140 per day, or about 20 per car journey. The carry- 
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lug capacity of 28 passengers per car was therefore 
utilized at the mean rate of about 60%.' The population 
of the city of Berne being 50,000, the traffic on the 
Hue waa equal to 23 paBsengers per head of population, 
which 1 b a fiflr criterion for the first working year on 
similar tramway*. The authorized fares are at the 
rate of 2 cts. per mile; the groas earnings In 1801, which 
were greatly In excess of the original estimate, amount, 
lug to 40,634 fr. per kilometer, or $18,000 per mile, equal 
to $250 per mile per week. During the whole year the 
service waa carried on with the greatest regularity, ex- 
cept during the severe frosts In the winter of 1800-01, 
when It was occaalon&lly Interrupted, owing to the sup- 
ply of compressed air falling, consequent upon Ice form- 
ing In the old main pipe. This Ice had to be dissolved by 
the pipe belug embedded in hot sand. The removal of 
suow from the line after an exceptional fall was 
speedily effected by a salt trolley provided for the 
purpose. The working expenditure works out as fol- 
lows: 


Administration 

Maintenance of line 

Traffic 

Motive power 

Sundries 

Total. 


Per 

Per car- 


mile, 

mile, 

Per 

$• 

cts. 

cent. 

865 

1.48 

8.3 

. 3S5 

0.00 

8.7 

1,770 

8.00 

16 7 

6,045 

11.74 

60.0 

, 565 

0.06 

5.8 

.10,530 

17.84 

100.0 


Motive Power. 


Per 

ear-mile, 

cts. 

Wsges, $20 £86 

Turbine power, per HP., oil. fuel 8. i2 

Maintenance and renewal of plant and motors... 1.80 
Sundries. . 0.80 


Total. 


11.74 


As the gross receipt* were 21.4 cts. per car-mile, the 
working expeneea are equal to 88% of the former, and 
the net earnings of $2, MSS per mile represent already 
In the first working a return of 4.4% on the capital 
cost of the undertaking. 

From the results of alx official trips, of which 
the details were published at the time by Mr. A. Bert- 
achlnger, O. E., of the Federal Railway Department, the 
writer has worked out the varying pressure and the 
mean consumption of air during a doable journey per 
motor car, as follows; 

Working. Reserve, 
lbs. per lbs. per 


Storage cylinder*. tq. In. »q. In, 

Treasure of air on starting 440 440 


Treasure of air at end of up journey 176 200 

Pressure of air at end of down journey . 103 176 

Lbs. 

Consumption of air at end of up Journey. 02 
Consumption of air during down journey. 31 
Consumption or air during both journeys. 123 

This haa been fully confirmed by the working ex- 
perience of 1801, when the consumption of air per 
motor car and double Journey was as follows; 

Minimum, 103 lbs 28 lbs. per car-mile. 

Maximum, 154 lbs 42 

Mean, 123 lbs 85 •• “ •• 


The principal advantage of the compressed-air system 
for urban and suburban tramway traffic as worked at 
Berne consists In the pleasing appearance of the motor 
cars. If properly proportioned; In the absolutely smooth 
and noiseless motion; In the total absence of smoke, 
steam, or heat, of overhead or underground conductors, 
of the more or leBa grinding motion of most electric 
ours, and of the Jerkey motion to which underground 
cable traction la subject. On all these grounds the 
system has fully vindicated Its claims as being prefer- 
able to any other so fur known system of mechanlcui 
traction for street trainwnys. Its disadvantages, on the 
other band, consist In the extremely delicate adjustment 
of the different parts of tho system, In tjie comparative- 
ly small supply of air carried by one motor car, which 
necessitates the car returning to the depot for re- 
filling after a run of only four miles or 40 minutes, 
although on the Nogent and Paris lines the cars, which 
are, moreover, larger, and carry the outside passenger* 
on the top, run aeven miles, and the loading pressure 
Is 547 lbs. per sq. In. as against only 440 lbs at 
Berne. linger distances In the same direction would 
Involve either more powerful motors, a larger number 
of storage cylinders, and consequently heavier cars, or 
loading stations every four or seven miles; and In this 
respect the system Is manifestly Inferior to electric 
traction, which easily admits of a line of 10 to 15 
miles In lengtb being continuously fed from one centrsl 
station without the loss of time and expense caused 
by reloading. The working expenditure at Berne was. 
In 1801, 1,4 cts. per passenger; the gross receipts being 
2 cts. per passenger, to that lower fares than those 
charged, vis., 2 cts. per mile, would not be rumnner- 
atlve. Moreover, the percentage of working expendit- 
ure can be kept within 83% only by the low cost of 
the primary hydraulic motive power. If, Instead of by 
water power, the air putnpa had to be driven by steam, 
the cosh of primary motive power would be Increased 
owing to the high cost of coni— $R per ton In Switzer- 
land. Nevertheless, for the extensions the company 
contemplates primary steam power, which Is also used 
at Nantes and Nogent, and admits of the engines, tho 
pumping accumulator, and londlng atatlon all being 
In one central station, thus admitting of a better or- 
ganization, and compensating In part the extra cost 
by saving the expense and loss of power due to the 
turbine transmission and compressed-air main of the 
present Installation. It may, however, be averred that 
as primary power for snch compressed air Installations, 
gag engines actuated by town or Dowaon gas might be 
more economical than steam. 

The cost of working the Berne line Is eotnpnred. In 
the annexed table, with some other tramways worked 
under similar conditions by horse and mechanical trac- 
tion for the year 1801. As Is seen, both In the esse 
of compressed air and of electric traction, the cost of 
working Is considerably Increased where stesm at a 
high cost of fuel has to be used Instead of hydraulic 
power. Given the latter, the cost of working by air 
Is about the lame as that by steam locomotives or 
steam cars; but over both of these last-named, com- 
pressed-air offers, at equal cost nnd for such short 
lines with constant traffic, certain advantages; 


1801. 

Geneva, city 

Zurich, city 

Geneva, snbnrban. ...... . 

Mnthonse, city 

Montreux, suburban 

Florence, suburban 

Tours, suburban 

Nogent fParla), suburban 
Berne, city 


Length of line. 

Miles. 

... 8.68 
... 5-58 
... 40.30 
... 18.00 
... 6 82 
... 4.06 

... 6.20 
... 7.44 

.... 1.86 


Motive power. 

Construction 
and equlp't, 
per mile, 

f. 

Operation 
per car-mile, 
cts. 

Horne. 

60.800 

10.4 

Horse. 

80.700 

11.6 

ftteiun locomotive. 

82.000 

18 2 

fltenm locomotfve. 

22.400 

17.8 

Hydro-electric. 

20.800 

10.4 

Rtonm-electrlc. 

82.000 

20.0 

fltenm cere. 

10.200 

17.2 

FU on m -com pressed -air. 46.100 

25 6 

Hydro-compreesed-alr. 48,050 

17.8 
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Compressed Air Motors at 
Herne. 


In Engineering some interesting 
particulars were recently given of 
the Mekarski compressed air rail- 
way, at Berne, Switzerland, one 
of the few street railways in 
Europe operated by compressed 
air. The line at Berne is two miles 
in length, and the rails, which 
weigh sixty-six pounds to the 
yard, rest on gravel foundation or 
on concrete where the soil is loose. 
Seven motor cars are used, running 
on a ten minute headway, and the 


average speed, including stoppages, is six miles per hour. 
Each car has a carrying capacity of twenty-eight passen- 
gers. The fares are at the rate of two cents per mile, and 
gross earnings in 1891 amounted to 21.4 cents per car 
mile, of which sum the working expenses amounted to 83 
per cent. The cost of motive power per car mile is given 
as follows: Wages, 5.86 cents; power station (water 
power), 3.72 cents; renewals of plant and motor, 1.86 
cents; sundries, .3 cent; total, 11.74 cents. The maximum 
pressure used is 440 lbs. per square inch. 


EN 11-9-93 


A compressed air tramway, worked apparently on the 
Mekarski system, is to be built from the Louvre to 
Versailles and St. Cloud, in Paris, and also on a con- 
necting line now building from the St. Augustin Church 
to Vincennes. On the first named line the motor will 
weigh IS tons and work with air stored under a press- 
ure of 1,000 lbs. per sq. In. . This motor is to draw 
two of three cars carrying 50 passengers each, or more 
in a rush of traffic. 


EN 4-26-94 


A compressed air street car, designed by Mr. John 
Boyd Thacher, of Columbian Exposition fame, has 
been built at Albany, N. Y., and is to be tried in a 
street railway at Washington, D. C. 


EN 3-16-94 


The Mekarski system of compressed-air motors for 
tramway service has been adopted on three lines in 
Paris operated by the General Omnibus Co., and these 
Hues are among the most Important In their system. 
The longest runs are from the Louvre to Sevres and 
Versailles, about 12 miles. The two others run to St. 
Cloud from the Louvre. 0.3 miles, and from the Cours 
de Vincennes to St. Augustin, 5.7 miles. Trains of 
three cars, carrying 51 persons each, will start from the 
Louvre every 15 minutes. The motor-car will have six 
wheels coupled and will weigh 18 tons each, as an In- 
cline of 1 In 23 has to be mounted on the Serves line. 
Each of the three cars loaded weighs eight tons. The 
air-pressure used will be 1,138 lbs. per sq. in., and the 
reservoirs will have a capacity sufficient for a 12-mile 
run. 


"EN vol XXXI no. 22 


A Mekarski compressed air car Is being tested on the 
Woronoco Street By., at Westfield, Mass. It carries 
300 lbs. Initial pressure, and can run eight miles before 
the pressure Is reduced lo 100 lbs. This system Is In 
use in Bnrope, and has been described In aur columns. 
It Is being Introduced here by the Mekarski American 
Compressed Air Motor Co., In which Air. James I 
Lewis and Addison C. Rand are Interested. 
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Three Mekarski compressed air street cars have bet n 
ramiing in Westfield, Mass., for about n month and are 
reputed to be doing good service and giving excellent 
satlsfnct'.ou. On July 4 a very heavy traffic wns car- 
ried, from 40 to 74 peop’e per car, but the round 
trips, four miles in length, were mode without Inter- 
ruption or difficulty. As announced in these columns 
some time ago, this system has been taken up by a 
company organised by Messrs. Jas. P. Lewis, of the 
Hand Drill Co.; Mr. C. R. Johnson, President of the 
Wilson & Bfilllle Mfg. Co., of Brooklyn, and other well- 
known men. 
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Street railway motor cars operated by compressed 
air on a modification of the well-known Mekarski sys- 
tem, have been in service at Westfield, Mass., for sev- 
eral months, experiments having been mnde with a 
view to materially reducing the weight of the car 
without reducing its efficiency, and the desired re- 
sults promise to be obtained. As a result of the 
practical experiments the American Compressed Air 
Motor Co. has been incorporated in New Jersey, with 
a capital stock of $250, (XX). Among the Incorporators 
nro John Fritz, of Bethlehem, I*a.; J. F. Lewis, of 
Chicago, 111.; Addison (_i. Band, of New York city, and 
K. W. Dlckemnn, of Westfield, Mass. 


On the Development and Transmission of Power frost Central Stations 
William Cawthorne Unwin, 1$94 


CHAPTER IX 

TRANSMISSION OF POWER BY COMPRESSED AIR 

Compressed air has been employed in engineering operations 
for a long period, but it is only recently that its capabilities 
have been adequately recognised. The earliest important ap- 
plication of compressed air was for diving. Diving-bells are 
believed to have been used in the sixteenth century, and 
Smeaton in 1780 and Rennie in 1812 used them in important 
undertakings. Cubitt employed compressed air in sinking the 
piers of Rochester Bridge in 1851, and Brunei used a similar 
method at Saltash in 1854. Compressed air was used in 
driving the Thames Tunnel by Brunei, and Barlow employed it 
in the Thames subway. It has been largely used in tunnelling 
operations since that time. The shaft of the Marie colliery at 
Seraing was sunk by means of compressed air by the Sociote 
Oockerill in 1850. 

The use of compressed air in transporting goods was sug 
gested by Medhurst in 1810 and Vallance in 1818. Some 
-early pneumatic railways were built. Similar methods have 
been adopted in recent years for transmitting messages and 
parcels in London and Berlin. 

Papin seems to have considered the transmission of motive 
power by a vacuum method in .1088. Triger transmitted 
motive power by compressed air a distance of 750 feet at the 
mines of Chalonnes in 1845. Soon after compressed air was 
used in several collieries. The greatest impetus to the applica- 
tion of compressed air for transmitting power was due to its 
adoption for working the boring machinery at the Mont penis 
Tunnel. M. Sommeiiler, in association with M. Kraft, made 
extensive experiments on compression at the Cockerill works at 
Seraing. On data so obtained the whole of the machinery for 
compressing, transmitting, and utilising compressed air at Mont 
Cenis was designed and constructed at Seraing. At first a 
kind of hydraulic pneumatic ram was used for compression. In 
1 8(S 1 , this was superseded by water-piston compressors driven 
by turbines. The air was transmitted a maximum distance of 
20,000 feet to work the drills. 

The air pressure used was seven atmospheres (105 lbs. per 
Sf b bi.). there were at Mont Cenis atr motors worked expan- 
sively, the cylinders of which were healed externally to prevent 
freezing. In the construction of the St. (billiard Tunnel, in 
1872, still more powerful air-compressing machinery was 
employed. The compressors were at first designed to be of 
small size, to run at a high speed, and to be cooled externally. 
But with a short stroke and quick speed there is not time for 
the heat developed by compression to be abstracted through the 
cylinder wall, and a spray injection suggested by Professor 
Colladon was added. 
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In 1877 Mekarski used air compressed to twenty-five or 
thirty atmospheres in conjunction with a small amount of high- 
pressure steam to drive tramway care, and Mekarski was one of 
the first to use compound compressors. 

In 1877 at Vienna and in 1881 at Paris, Id. Popp installed 
a system for working and regulating a great number of 
clocks, by impulses of compressed air conveyed in pipes from 
a central station. A demand arose for a supply of the com- 
pressed air for working small motors, and this proved so 
successful that there has been developed in Paris the most 
important system of power distribution hitherto carried out. 
In Paris, motive power is transmitted to industries of every 
kind over a large area by air compressed at a central station, 
and even sub-stations for electric lighting are driven by 
air motors, it is interesting that in Paris a system of distri- 
buting motive power by vacuum, carried out by M. Boudenoot, 
lias been successfully in operation since 1885. The motors are 
worked by atmospheric pressure, and exhaust into pipes in 
which a vacuum is maintained by air pumps at. a central 
station. A system of pumping sewage at a number of scattered 
sub-stations by compressed air, supplied from a 'single com- 
pressing station, Iuir been developed by Mr. Isaac Shone, and is 
in operation at several towns in this country' and ;the United 
States, and at Rangoon. 

Compressed-air transmission is a perfectly general method 
of distributing power for all purposes. Whether in any given 
case it. is the most advantageous, the least wasteful of power, or 
the cheapest in working cost, depends on various circumstances. 
M. Hanarte believes that it is and will continue to be the most 
economical method of transmission to considerable distances. 1 
The loss in the air mains is very small. The motors worked 
expansively are efficient. The mains can be carried by any 
path, and differences of elevation between the compressing and 
working points do not. sensibly' aflect the result. In hydraulic 
transmission the water must be collected, stored, and in some 
cases filtered, and having actuated a motor, means must be 
found for removing it. But air is everywhere available, and 
can be discharged anywhere without causing trouble. Com- 
pressed air has peculiar advantages in the case of underground 
transmissions, it has been used to replace manual labour in 
situations where hardly any other motive power could have been 
employed. In driving a tunnel at a mine at Sacramento, for 
instance, the cost was reduced to one-half, and the rate of boring 
was three times as fast when compressed-air machinery replaced 
hand labour. In such cases the advantage is so great, even with 
uneconomical machinery, that the inducement to adopt very 
perfect machinery is absent. Hence much of the air-compressing 
plant at mines has been unnecessarily inefficient and wasteful of 
power. In many' cases air-compressing plant has been driven 
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by water power, ami this also 1ms tended to a neglect of the 
conditions necessary for economical working. Mr. Savage 
argues, with reference to the Term Steel Works, 2 that the 
common objection to the use of compressed air on the ground of 
waste of power loses much of its force when the compressors are 
driven by an almost costless supply of natural energy such as 
water power. It is unfortunate for the reputation of the system 
of t.r ansmission by compressed air that the rough purposes to 
which it lias been applied, the indifference to waste of power in 
mining and tunnelling operations, and the preference lor simple 
and cheap machines, have delayed and hindered the improve- 
ment of compressed-air plant. 

1 ‘Transmission dn travail it rlislnnne par lair comprimfi Coiujrh Inter- 
national dr Mfranique A /tplii/ure. I’arif, 181)3. 

* ‘Term SteelWorks,’ Savage; l’roc. Inst. Civil Engineers, vol, xciii. 

THE USES OF COMPRESSED AIR 
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EN 1895 vol 2 


THE POPP-CONTI COMPRESSED-AIR CON- 
DUIT SYSTEM FOR STREET RAILWAYS. 

A low-pressure, compressed-air system of trac- 
tion for street railways, in which the car reser- 
voirs are automatically recharged at intervals 
along the line has recently been tried in PariB, and 
with such satisfactory results, according to “La 
Revue Technique,” that the municipality of St. 
Quentin has given a concession to the company 
owning the system. The system is the invention 
of Mr. Victor Popp and Mr. James Conti, the 
former being well known in connection with the 
Popp system of transmission of power by com- 
pressed air at Paris, as described in our issues 
of Dec. 14 and and 21, 1889. 

At the power station the air compressors charge 
storage reservoirs from which the supply main is 
charged, a governor being used to maintain a 
constant pressure in the main. The main is laid 
underground between the tracks, and has branches 
at intervals to the charging apparatus placed in 
vaults between the rails of each track. To charge 
the car, it is stopped over the hinged covers of the 
vault, one of the wheel flanges depressing a hinged 
tongue placed against the rail, and this tongue 
operates a valve, causing the air pressure in the 
main to force up a blade or feeder carrying two 
small valves. This blade engages with a special 
joint on the car, entering between two rubber lips. 
As soon as the car is stopped, by the operation of 
a cock on the platform, the two lips are inflated, 
making an airtight joint between the car and the 
blade, or feeder, while at the same time the oper- 
ating crank handles on the platform are discon- 
nected. The feeder is hollow and fitted with 
valves which, when operuted by the pressure of the 
air remaining in the car reservoirs, open communi- 
cation between the Bupply main and these reser- 
voirs. In a few Beconds the reservoirs are charged, 
the crank handles are automatically connected and 
a whistle signals the car driver to close the cock, 
when the lips of the joint relax and free the feeder. 
As the car moves on the spring tongue rises to its 
original position against the rail head, causing the 
feeder to descend into the vault, the covers drop- 
ping down level with the street surface. The ap- 
paratus at any one vnult can be thrown out of op- 
eration for inspection or repairs without affecting 
the rest of the system. 

The car body is carried on an iron truck frame 
with four wheels, having plate springs over the 
axle boxes, while the body rests on four plate 
springs placed at the ends of the truck frame. 
The two axles are connected by coupling rods. 
The motor is a two-cylinder compound engine, with 
variable expansion, placed under the middle of the 
car and driving the end cranks of a short shaft 
carrying a pinion which gears with a spur wheel on 
one of the car axles. The slide valves are driven 
by eccentrics on return cranks, and the engine 
can be worked as a simple engine when required. 
The air is heated before entering the smaller 
cylinder, and again before entering the larger cyl- 
inder, the heater having a small coke fire, fed by 
a hopper, which only requires to be attended to 
once a day. The reservoirs, heater and all the 
machinery are under the car and the platforms are 
unobstructed. The cnr can run in either direction. 
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Compressed Air Motors in New York. 

Much interest has been excited within the last week 
or two bv announcement that the Metropolitan Street 
Railway Company intends to try on its Ninth Avenue 
line a compressed air motor, and had given orders for 
motor cars. Rumor was not exactly correct, but com- 
pressed air motors are to be tried on the Ninth Avenue 
line and perhaps on some others in this city. Most engi- 
neers remember a large number of so-called compressed 
air motors. Since the time of the late Horace Day com- 
pressed air has been the subject of many experiments as 
a motor on street railroads, with results wdiich have not 
been, on the whole, satisfactory. At the present time, 
with economical compressors in the market and moderate- 
sized engines producing a horse power for 12J to 14 
pounds of wafer, there are more reasons to believe that 
compressed air motors will lie more successful. The ad- 
vent of cheaper and stronger steel tubes is also in favor of 
the project. 

The General Compressed Air Company h^s undertaken 
the experiment 
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LETTERS TO THE EDITOR. 

Compressed Air Locomotives ; New Orleans & 
Western R. R. 

Sir: We Lave to-day thoroughly tested our corn- 
prei-sed air locomotives, special cars and track system 
at our extensive terminals at Port Chalmette, and now 
state that the same are an unqualified success. 

We handled as much as 80 tons over a space of 6.000 
ft., 2% grade, maximum curves of 75 ft. radius, and a* 
a test, took a train of 80 tons throughout our yards, 
starting with 485 lbs. pressure and losing but 5 lbs. 
the entire distance. 

The saving of labor is very large, and fire risks around 
the cotton sheds, cotton compresses and sorting yards 
are reduced to the minimum by the use of my new sys* 
tern, using compressed air locomotives. 

Respectfully yours, A. H. Swauitz, 

Chief Engineer and General Manager, N. O. & W. R. R. 

New Orleans, La., Dec. 16, 1695. 

(The terminal system was described aud illus- 
trated in our issue of Nov. 21. The locomotives 
were built by H. K. Porter & Co., of Pittsburg, 
Pa.— Ed. 
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FIO. 3. -COMPRESSED AIR LOCOMOTIVE HAULING A TRAIN LOAD OF 80 TONS OF COTTON 

UP A 3"„ ORADE. 


COMPRESSED AIR LOCOMOTIVES; NEW ORLEANS 
& WESTERN R. R. 

Tire use -of locotnoHvos operated by compressed 
air offers special advantages for handling lurge 
quantities of cotton, as at. wharves, ■warehouses, 
etc., where the danger from the sparks and cinders 
of o. steam locomotive and the sparking of electric 
motors, renders either of the latter methods of 
traction inadvisable. In our issue of Nov. 21, 
1805, we illustrated and described Ihe warehouse 
and: terminal system of the New Orleans & Western 
ft. R , at Port Chalmette, mar New Orleans, La , 
where all the hauling and shift ing is done by com- 
pressed air locomotives, and we Illustrate this 
we^k one of the engiues used, Figs. 1 and 2. We 
also show the engine haul'ng a train load of 80 
tonspLcotton up a grade of 2%, this latter view, Fig 
8, being taken from a photograph furnished us by 
Mr- A: J. Swauitz. Chief Engiueer and General 
Manager of the railway company. 

Two of these looomotives have been built by H • 
Porter & Co, of Pittsburg, Pa., and are small 
four- wheel switching engines running on tracks of 
3&' ins. gage. Each engine hastwo cylindrical air 
tanks', one 15 ft. 2 ins. long, and one 17 ft. 2 ins. 
long. Both tanks are 31 r, s ins. iuside diameter, 
built up of 9-16-in. shell plates, the longitudinal 
seams sextuple riveted, with iuside and outside 
Ye|t strips, and the circumferential scams double 
riveted- The tu-ik beads are of 13-16-iu. dunged 
steel, of dished shape, with manholes in the front 
heads.- The working pressure in the tanks is 600 lbs. 
persq in., and this is reduced to 140 lbs. iu the auxil- 
iary reset voir by means of an automatic pressure 
regulator. The Stephenson link valve motion is 
ustd operaling a plain I) slide valve, and gradu- 
ated to cut off equally at all points of the stroke. 
T^he general dimensions of these engines are as 
follows : 


Cylinders 9x14 ins. 

“ center to center .......4 fc. 5 1 * Ins. 

“ oeuter to valvo face Batins. 

Piston rod, diameter .I'd ms. 

Gui les Single bar 

Connecting rod. length c. to e 6 ft. 10's Ins. 

Inlet ports 4»x7's. lus. 

Exhaust ports l'^xV'ts lus. 

Slide valves, outside lap 3-10 In. 

“ max travel.. ■ ’. 2% ins 

" lead l-tbiu 

Capacity of ulr tank total 10' cu. ft. 

Pressure In tanks 000 10s. 

In auxiliary reservoir 140 lbs. 

Irakes Hand lever brake 

Tractive force per lb effective cress, on piston 43.0 1 lbs. 
Total tractive force with effect, pr es, equal to 

4-5 of pris-*. 1 q au t. reservoir 5,000 lbs. 

Total adhesive trae'ivo power at 1-5 of w. Ight 

on driving wheels 4,000 lbs. 


- p. 



Fig. 2. - Rear View of Compressed Air Locomotive. 



Fid. 1 — COnPRESSED AIR LOCOriOTIVE FOR NEW ORLEANS & WESTERN R. R. 

ti. K. Potter & Co., Builders. 





DOUBLE TANK COMPRESSED AIR MINE LOCOMOTIVE. 
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(ini-’ <1 from l lie immi tank- li> a red iin im X'aUe which 
can I a- 1 ,-gtil.ih'il to any pressure at a iinmiirilV tioticc, 
ale i i\ lu‘ii innr at, it maintains a con^t .t i it ti xed jnv>- 
miiv in t lie auxiliary reservoir, thereby preventing any 
nielue waste of air < »y injudicious handling. in ease 
only Imht loads al e to he handled, t he | iressti re eau lie 
materially reduced in tin auxiliary reservoir, or, on 
the ot her hand, in emergencies almost any pressure 
can he at a iitftinenl’s notice ntih/.ed, ami this without 
any undue heating or los~. tn tin- auxiliary reservoir 
the ail is controlled hy a diHerehtial throttle, admit- 
ting the air to the cylinders. 

The a age ot the track t' 36 inches, and the average 
crude is POT per cent and the maximum grade 2» per 
cent in la \ or of t he loaded ea i‘s The locoinot i ve hauls 
trips of Hi empty cals of about 2..3UO pounds weight 
ft oi 1 1 l In- I'm it i .) t iie sha I t . !!. TOO feet , ini o t he p r a inrwax , 
and trips ot Pi loaded cat's each with about G.70U 
pou i ids of coa I back tn tile shaft, with one charge ot 
air. starting; with a pressure of a 73 pounds and ending 
wit-ha 1 it t U- over 100 pounds. Tile Ilea \ jest work is hail 1- 
inir the empty trip up tirade. The weight of each empty 
trip of 10 ears, includin'; the locomotive, is about 60,000 
pounds, and of the loaded trip, including the locomo- 
tive, pill, ii, id pounds. Tne locomotive will make from 
25 to all miles tier day, depending on the length ol the 
run and I lie time recpiired for making up trips. 

The cost of operation of this plant has been found 
to vary from one to one and one-half cents per ton 
niile, including all expenses, interest and Ticpreeiation 
ot plant, varying will] the character of the rolling 
stock used. The depreciation on the locomotive is 
very low, there hemp' lei boiler to wear out ; and the 
tanks, having nothin;; to corrode them, should, if kept 
well panned, last almost an indefinite period. In this 
case t ic condition of tile eat wheels, ow ing to sprag 
cine, was had, there being many flat spots caused hy 
sliding, and the frictional resistance per ton on the 
track was excessive. These ears are gradually being 
equipped w ith self-oiling wheels anil a better form of 
brake. When this change i- completed, it is expected 
t hat the. cost of haulage hy tills system will he still 
further reduced. 
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PROPOSED EQUIPMENT OF THE NEW YORK SURFACE 
ROADS WITH COMPRESSED AIR MOTORS. 

The Metropolitan Traction Company, which controls 
altogether about 132 miles of street railway in this city, 
and carries daily upward of 650,000 passengers, is con- 
templating an important change in the motive power 
of a large portion of its lines. About 32 miles of the 
system are at present operated as cable and under- 
ground trolley lines, and the plant is of the futest pat- 
tern and thoroughly up to date ; hut the greater part 
—fully 100 miles of the lines — is still worked hy the 
slow and objectionable horse car. Several months ago 
the company determined to abolish the horse ear and 
introduce in its place some form of mechanical t faction. 


and in the interval t heir agents have been making an 
exhaust ive examination of t he many sx stems of street 
ear traction which are being operated in Europe and 
America. 

It has been determined to make a thorough trial of 
a compressed air motor which has been designed by 
Joseph 11 lb ■adley. of the engineering lirtu of Hoadley 
Brothers, who is now associated with the American 
Wheelock Engine Company, of Worcester, Mass. We 
are informed hy the Metropolitan Company t hat at a 
private trial recently had at the Worcester works 
before the engineers and officials the Hoadley motor 
showed it remarkable efficiency, as compared with any 
compressed air motor which they had previously sub- 
jected to trial. At present ten of the company’s ears 
are being equipped with the new motor, and if they 
prove as successful ha service as the experimental car 
which was recently tested, it is likely that all the ex- 
isting horse ear roads will be similarly equipped. 

The air will he carried in two cylindrical steel tanks 
plaeetl between the trucks and beneath the floor of the 
ear, and they will be charged at an initial pressure of 

2.000 pounds to t lie square inch. The power house at 
147th Street and Lenox Avenue will contain a 500 
horse pow er (ireeiie-Wlieelock engine and a Minerva air 
compressor, tlie reservoir capacity of the plant being 

5.000 cubic feet. The compressed air motor is being 
adopted in preference to trolley or cable traction, not 
merely from motives of economy, but also with a view 
to securing it service which shall he free from the inter- 
ruptions to which the cable and trolley systems are 
liable. 

The operation of these ears will he watched with close 
attention, not merely by the company which is mak- 
ing the experiment, hut also by the engineering world 
at large. Engineers in the United States have been so 
fully occupied wit it the development of electric traction 
— and it has had a growth and u success which is phe- 
nomenal— that comparatively little attention has been 
paid to other methods of traction which utilize the 
oil, gas, and compressed air motor. As compared with 
tlie cost of the electric and cable systems, tile coin- 
pressed air and gas motors which are being increasingly 
used in European cities are said to be showing remark- 
ably economical results, (thief Engineer l-Yarson, of 
the Metropolitan Company, is now in Europe for tile 
purpose of personally inspecting the working of some 
of the more important plants that tire operated on the 
above systems. 

On another page will he found a description and 
illustrations of a coin pressed air locomotive, which lias 
provt d very successful in the mines of the Susque- 
hanna Coal Company, (lien Lyon. Pa. The chief 
engineer of the company, Mr. J. H. Bowden, states 
that the cost of operating this plant is between 1 and 
l l j cents per ton per mile, and that, with the introduc- 
tion of a better tyi>e of coal car, lie expects to make a 
still more economical showing. 
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Compressed Air Motors for New York. 


The Metropolitan Traction Company has decided to test the 
value of compressed air motors for traction, and ten cars will soon 
be in service on one of its lines at the upper end of the city. The 
motive apparatus will be supplied by the American Wheclock Com- 
pany, at whose works in Worcester, Mass., the equipment of the cars 
is now being carried on. Owing to the ample capital of the Wheel- 
ock Company and the engineering ability of its engineers, the test 
promises to be most interesting and one which will determine the 
value of compressed air for this class of work. 


SRJ 1396 vol 12, no. 7 

Compressed Air Motors on 125th St., New York. 


The announcement was made last month that the Third Avenue 
Railroad Company, of New York, would make a test this summer on 
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The Efficiency of the Compressed Air Power Plant At 
Grass Valley, Cal. 

Sir: After about three mouths working of the water- 
power and compressed air-transmission plant, described 
in your issue of Dec. 19, 1895, I am able to give the fol- 
lowing figures with reasonable assurance of their ac- 
curacy. 

The reheating of the air is found to cost almost pre- 
cisely 1 ct. per day per horse power (theoretical) of tne 
water used, or 1 1-3 cts. per day per HP. of work actually 
done by the motors. 

The following efficiencies do not Include the above 
cost of reheating: 

Efficiency of compression and transmission from 

water-wheel to motors 79.5% 

Efficiency of compression and transmission from the 
theoretical power of the water to the motors.... 74 % 

Efficiency of compression and transmission to and 

through motors 71. G% 

Efficiency of compression and transmission from the 
theoretical power of the water to and through 
motors 66.6% 

Putting it in plain English, we have 304 theoretical 
HP. in our water and we obtain 202.7 HP. of work ac- 
tually done at the mines. The efficiency o* the water- 
wheel is a trifle over 90% at all loads from one-fourth 
to full. Very truly yours, etc.. 

Grass Valley, Cal., April 9, 1896. A. D. Foote. 



COMPRESSED AIR CAR. 

its 125U1 Street line, of two compressed air motors built by the Gen- 
eral Compressed Air Company. One of these cars has just been 
completed at Rome, N. Y., and is shown in the accompanying' en- 
graving. It measures twenty-eight feet over all and weighs about 
18,000 lbs. with mechanism. The air is stored under a pressure 
of 2000 lbs. per square inch in reservoirs, sixteen in number, carried 
on the truck and having a total capacity of fifty-one cubic 
feet. 
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Experiments With Compressed Air on Lenox 
Avenue, New York. 


The announcement was made last month that the 
Metropolitan Street Railway Company, of New York, would 
install on its Lenox Avenue system during the first part of 
July ten compressed air motor cars built at the plant of the 
American Wheelock Engine Company, Worcester, Mass. 
The trial with compressed air is in the nature of ail exper- 
iment to determine whether this motive power is desirable 
for use on the many crosstown lines of the company, and 
does not indicate that the electric conduit system which 
has been in operation on the Lenox Avenue line during 
the past year has been unsatisfactory. The problem of the 
best motive power to use on its horse car lines, now aggre- 
gating about 150 miles in length, is an important one, and 
the policy of the company as outlined by the managers is 
to spare no effort to determine the best possible substitute 
on these lines for animal power. 

The compressed air motors, it is claimed, will emplov 
some novel principles which will eliminate to a large extent, 
if not entirely, many of the defects which have appeared 
inherent to the employment of this power in the past. The 
company which will manufacture these motors is said to be 
a particularly strong one both in financial resources and 
engineering ability, and includes among its corps of engi- 
neers, J. H. Hoadley, of Iloadley Brothers, New York, and 
\\ alter H. Knight, formerly chief engineer of the General 
Llectric Company, and now chief engineer of the new air 
power company. 


The motor mechanism consists of two simple link 
motion, reciprocating engines with cylinders 7 ins. din. 
X ! 4 his. stroke, with valves cutting off at from one- 
tenth to one-sixth, and applying the power by connect- 
ing and parallel rods direct to the crank pins of the drive- 
wheels. The latter are twenty-six inches in diameter, 
with wheel base of 7 X ft. 

In operation the full reservoir pressure is not used, 
but it is lowered to 150 lbs. per square inch by a reducing 
valve. After leaving the reducing valve the air is heated 
to between 200 and 300 degs. by being passed through a 
hot water cylinder carried on the car, tile object being to 
obtain more work from the air and also to avoid the pro- 
duction of extremely low temperatures in the air cylinder 
which would otherwise result from the expansion’ of the 
air. 

The hot water tank is seven feet long and eighteen 
inches diameter and is charged at the power station 
before starting out. It is jacketed with non-conducting 
material to prevent external radiation. 

The car is also equipped with air brakes. 
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Compressed Air Motors in New York. 


During the last month the three compressed air motor cars 
manufactured by the Rome Locomotive Works have been reeeived 
by the Third Avenue Railroad Company and have been put in op, or- 
ation on the 125th Street lineof that company. The car bodies Mere- 
built by the Brooklyn & New York Railway Supply Company. The 
cars have not been in operation long enough yet' to determine the 
question of economy. 

The compressed air cars for the Lenox Avenue line of the Metro- 
politan Street Railway Company have not vet been received from 
the works at Worcester, Mass. 
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TRIAL OF THE COMPRESSED AIR MOTOR BY THE 
THIRD AVENUE RAILROAD 1 COMPANY, NEW YORK. 

The compressed air motor is a device which is suffer- 
ing from tlie prejudice engendered by many years of 
costly but comparatively fruitless experiment. Inven- 
tion and capital, seeing its promising possibilit it's, 
have frequently joined liands in the elTort to produce 
an cllicient motor, but beyond learn ii nr some valuable 

lessons as to t he chief sources of loss, and the dir ion 

in w hich improvement must lie sought, they have Jailed 
to produce an effective machine. 

At thi' present writ in*;, interest in the compressed air 
motor has been revived by rumors of its adoption by 
two large corporations : the Metropolitan Traction 
fompunv and the Third A venue Railroad < 'ompany, 
both of New York < 'ity; the former makitur use of the 
Hundley motor, and the latter adopting the system in- 
vented 1 >v Mr. It II a r< lie. 

The trouble with t he e.a flier systems has been ol a two- 
fold nature. When air was compressed into the storage 
reservoir, a certain portion of the power was expended 
in ra king t he tempera! ure of the air (according to the 
well known la w 1. and this lual. which was su bsei p lent ly 
lost 1 1\ radatioii. represented a dead loss of pow er 
Moreover, w hen the air was expanded in t ! te r \ limlers. 
there was a corresponding reduction of temperature, 
which was ol t eu so great as to cause free/.i ng a 1 id clink 
ing up of t III ■ exhaust passages. 

In the Hardie system it is sought to prevent the lirst 
lies by compressing the air in three stages, and recover- 
ing thi* heat of compression by pass ini; 1 1 ic air t Is rough 
t u lies a roil 1 1* I which cold water is cirri bat ing. The c* 11 il 
1 1 1; water is fed to (lie boilers and t he heat which it has 
withdrawn from t ho compressed air is thus recovered 
.'tiler passim; the third stuire of compression and cool 
ing. the air is forced at a pressure of pounds to the 

square inch into a reservoir consisting of a stack of 
rolled steel flasks, (I inches in diameter and 2 i> feet long. 

The cars, one of which is shown in the accompanying 
illustration, are similar in their general appearance to 
an ordinary street car; but they are provided with a 
truck whose construction is suggestive of the bar frame 
of a locomotive, the truck, moreover, being suspended 
by springs from the axle boxes, and the cars lieing sim- 
ilarly suspended from the truck. Underneath the seats 
a ml beneath the floor of the car are sixteen air reser- 
voirs, similar to I hose in the power house. I11 the cen- 
ter of t he car and a Iso beneath the floor is placed a hot 
water tank, by means of which the air is heated before it 
enters the cylinders, and the dilliculty of frozen exhaust 
passages is overcome. It is is inches in diameter and 
7 feet long, and is idled with Vlll pounds of water. 

before t he car starts on its run. its air reservoirs are 
charged with cold air at 2 , him) [founds pressure by means 


of a flexible tube connecting with the power house sup- 
ply, and steam is admitted to the heater until its con- 
tents are raised to a temperature of Till degrees. It 
takes a little over half a minute to charge the reservoirs. 

In operating the car. the air is first expanded by a, 
reducing valve to a pressure of 17)0 pounds, and passed 
info a remixing cvlinder. whose cana*'itv is one cubic 
loot. Il is 1 1 ti -i 1 admitted to the heater, where its ac- 
tion is thus described by < I'eneral I lermaii Ilaupt.the 
consull ing engineer of the company ; "When the air 
passes info the tank of water heated to Till degrees, 
each .Vi cubic feet of air absorbs and carries over an 
a 11101 m I of water in t h" shape of st cam equivalent te 2 k 
cubic fed of air. Thi- adds all per cent to the volume ; 
an*l. as 1 1 c air i- itself expanded all percent by tin* 
increase of tern pcr.aT ure. the total gain of volume as 
flu* air and steam pass |rom the heater is 100 per cent. 
The condensation of the steam in the cylinders and 
pipes liberates the latent heat and maintains the tem- 
perature at such a [mint as to lender freezing impos- 
sible." 

General Haupt informs us that, the efficiency of the 
beat er was tested on a couple of experimental runs, on 
the first of which, with the heater in use, litis cubic 
feet ot air wel l- used. The heater was t hen empt ied, and 
the same run was made with cold air, when more than 
double the amount, or til i 1 cubic feet, were required. 

The two cylinders ot the motor, 7 inches diameter by 
14 inches stroke, arc built into the frame 011 each side 
of the car, and lie inside the wheels. A short connect- 
ing rod from the cross head operates a vertical rocking 
level 1 , I r* 1 m w hicli a connect ing rod t rausmits thi' mot ion 
to a crank on the outside of the driving wheels. The 
two w heels on each side are connected by a coupling 
rod. so that the whole weight of the car is available lor 
adhesion. 

The valve gear is of the ordinary Stephenson link 
type, with an additional valve on the hack ot the main 
valve to regulate the cut-off. 

The controller and " reverse lever” tire situated ;is m 
an electric car on the front platform. The throttle 
valve is operated by a crank handle, and the reversing 
and cut-off are effected by the lever. There is another 
lever for w< irking t he air brake, by means of which also 
an auxiliary supply of air can lie admitted to the cylin- 
ders at starting. 

The reciprocating parts are counterbalanced, and this 
work appears to have been judiciously done, as there is 
no percept ibieosci Hat ion due to this mot ion. The gene- 
ral ap| ica ranee of t he car is pleasing, the moving parts 
being hidden from view by letting down the slat apron, 
which is shown in the illustration hinged back against 
the side of the car. 
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COMPRESSED-AIR PLANT ON THE CONSTRUCTION OF 
THE JEROME PARK RESERVOIR. 

The use of compressed air for power purposes 
and power transmission has had a very great and 
comprehensive growth within the past few years, 
and one of the most recent and interesting appllca- 


and much fuel being burned without doing any 
work during dinner hours and when the machines 
are stopped for any cause, while leaky Joints 
and condensation in the long lines of pipes al- 
ways cause considerable waste and trouble. Be- 
sides this a separate attendant is required for 
every boiler. 



FIO. 1.— AIR COnPRESSING PLANT FOR THE WORK ON THE JEROflE PARK RESERVOIR. 


tlons of this power is on the extensive contract 
work for the construction of the Jerome Park 
reservoir, for the water supply system of New 
York city. As the contract amounts to nearly 
$5,500,000, and will extend over about seven 
years, there was ample reason for carefully con- 
sidering the comparative advantages and economy 



Fig. 2. — Sketch Plan of Reservoir Site, showing Location 
of Power House, Transmission Pipes and Working Plant. 

of different methods of supplying power for the 
drills, hoists, pumps, etc., to be used on the 
work, and as a result of this investigation it was 
decided to use compressed air, distributed to all 
parts of the work by pipe lines from a central 
power plant. This plant is operated by one 
engineman and one fireman. The main pipe lines 
will remain practically permanent during the 
work, the branches being shifted, and extended 
as required by the progress made in excavation. 
This system will undoubtedly effect a considerable 
saving in fuel and labor expenses as compared 
with the more common methods. 

On such construction work the general practice 
Is to use steam power, with separate boilers for 
each one or two hoists, and other boilers near 
groups of drills. This practice is necessarily 
wasteful In fuel, as the amount of fuel used is 
excessive, the boilers not being adapted for or 
worked with a view to economical consumption, 


The Jerome Park reservoir, where this com- 
pressed air plant has been Installed, was 
described in our issue of July 18, 1895. 
It is situated near Van Cortlandt Phrk, 
on the New York & Putnam Division of the New 
York Central R. R., about 11 miles from the Grand 
Central Station on 42d St., and 5 miles north of 
the Harlem River. It will cover about 300 acres 
of land and will have a capacity of 2,000,000,000 
gallons. The construction will require about 4,- 
000,000 ou. yds. of earth excavation, 8,200,000 cu. 
yds. of rock excavation, 150,000 cu. yds. of con- 
crete masonry, 82,000 cu. yds. of brick masonry, 
113,000 cu. yds. of rubble masonry and 250,000 
sq. yds. of rubble masonry facework. The ma- 
sonry Includes heavy core walls for the em- 
bankments. The bids for the work ranged from 
about $5,000,000 to $13,000,000, and the contract 
was awarded In August, 1895, to Mr. John B. Mc- 
Donald, of Baltimore, Md., and New York city, 
at $5,473,000. Preparations for commencing the 
work were at once started, and the work is now 
In active progress. At the present time about 
550 men are at work, while the plant Includes 8 
narrow gage contractors' steam locomotives, 2 
steam shovels, 18 derrick hoists, 10 drills and a 
number of wagons, teams, dump cars. etc. Be- 
sides this, offices, living quarters, stables and 
stores of all kinds of material and supplies have 
been established, as the work will last for about 
seven years, the date set for the completion of the 
contract being Nov. 1, 1902. 

The contract for the air compressing plant was 
placed by Mr. McDonald with the Ingersoll-Ser- 
geant Drill Co., of New York city, and this has 
now been installed and put In operation, having 
been started on May 14. For a power house, one 
of the large buildings of the club at the old 
Jerome Park racecourse is used; the building hav- 
ing been removed bodily to a convenient situation. 
In this are Installed a cross-compound Corliss 
engine of 600-HP., with a compressing cylinder 



behind each of the steam cylinders. The engine 
drives a flywheel 25 ft. diameter, weighing 50,- 
000 lbs., mounted on a shaft 14 ins. diameter, 
the shaft having an eccentric keyed on each side 
of the wheel and being driven by means of a crank 
disk at each end. The main shaft bearings are 
14 x 26 Ins. The steam cylinders are 24 x 48 Ins. 
and 44 x 48 Ins. ; while the air cylinders are 24% x 
48 Ins. The cylinders are 6 ft. apart, longitu- 
dinally, and 14 ft. c. to c. transversely. The walls 
of the air cylinders are cooled by water jackets. 
The compressor Is of the company’s standard 
design, which Is probably familiar to most of our 
readers. The air enters the cylinder through a 
hollow tail-rod, and the piston has an annular 
disk valve In each face, the space between the 
open valve and its seat being about %-in. On the 
forward stroke the front Inlet valve Is closed and 
the air In front of the piston Is forced through 
the front discharge valves as soon as the cylinder 
pressure exceeds the receiver pressure, while at 
the same time air Is passing through the tail-rod 
and open rear valve into the space behind the 
piston. On the return stroke the rear inlet valve 
Is closed and the air Is forced through the rear 
discharge valves, while the air entering through 
the tail-rod passes through the open Inlet valve 
in the front face of the piston and fills the forward 
end of the cylinder. This arrangement was shown 
and described In detail in our issue of Sept. 27, 
1890. Each air cylinder is also fitted with a reg- 
ulator or loaded relief valve by which the load is 
thrown off when the normal receiver pressure Is 
exceeded owing to the air not being used. The 
normal pressure In this case Is 75 lbs., and when It 
rises to 80 lbs. a passage is opened connecting 
both ends of the cylinder, so that the piston has an 
equal air pressure on both sides, both inlet valves 
being thus kept closed and the piston moving to 
and fro without doing any work. When the air 
pressure has fallen a trifle below 80 lbs. the regu- 
lator closes, and compression Is then resumed. 
This device was fully Illustrated and described In 
our Issue of March 28, 1891. The cut-off of the 
steam cylinders Is regulated automatically by 
the load, as In all Corliss engines. From the com- 
pressor cylinders the air passes to the receiver. 


which Is a riveted steel cylinder or tank 5 ft. 0 
Ins. diameter and 18 ft. long, placed just outside 
the engine house. 

The engine Is Intended to work as a condensing 
engine, but is not being so worked at present, and 
the connecting rod to the rocking lever of the con- 
denser pump is disconnected. The reason for this 
Is that there Is not now a supply of water avail- 
able for condensing purposes, but, of course, the 
engine cannot meanwhile work so economically In 
fuel consumption. The water for the boiler is 
taken from a well sunk near the engine house and 
a reservoir for the condensing water has Deen 
built. Steam Is supplied by a single water-tube 
boiler made by the Hogan Boiler Co., of Middle- 
town, N. Y., the boiler having three furnaces. 
The boiler is rated at 250 HP., and carries a pres- 
sure of 1204bs. The entire power plant is handled 
by one englneman and one fireman. The engine 
and compressor were built at the works of the 
Ingersoll-Sergeant Drill Co., at Easton, Pa. This 
plant, shown In Fig 1, was started up on May 
14, and later on, when a larger force is at work 
on the reservoir, It is Intended to put In a dupli- 
cate plant, working the air cylinders compound. 

Fig. 2 Is a plan of the work, with an outline of 
the boundaries of the reservoir, and showing the 
positions of the pipe line, drills, hoists, etc,, as at 
present existing. From the receiver an 8-in. pipe 
extends for a distance of 1,500 ft., and Is followed 
by two main lines of 4-in. pipe, from which again 
run 2-in. pipes aggregating about 2,000 ft. in 
length. The branch pipes to the machines are 
1% ins. diameter, this being the smallest size 
used. The aggregate length of the piping system 
is now about 0,300 ft. Another 8-in. main is In- 
tended to be laid later, in a direction opposite to 
that taken by the present 8-in. main. All the pipe 
has screwed joints. There is one reheater on the 
4-in. pipe line, this being of the Sergeant pattern, 
described in our issue of May 9, 1895. The heater 
is a truncated cone 3 ft. 0 in. in diameter at the 
base and 4 ft. G Ins. high, the center of which 
forms a stove; the air enters at the top and 
oasses down over the heating surface, the volume 
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of air space Increasing as the air expands, so 
that the velocity and friction remain practically 
constant. The use of this reheater is said to in- 
crease the efficiency 33% over work done by the 
same volume of air used cold. The air pressure is 
designed to be 75 lbs. per sq. in. at the compressor 
and 70 lbs. at the tools. 

There are now in use 10 drills, 18 derrick hoists 
and 2 pumps. The drills are of the well-known 
Ingersoll-Sergeant make. The hoisting engines are 
of the Lldgerwood make, with two cylinders 7 x 
10 ins. and double drums. In the building of the 
masonry core walls for the embankments a row 
of derricks is erected, each derrick being operated 
by a hoisting engine, but the booms are swung 
by hand by means of guy ropes. The masts and 
booms are sticks 14 x 14 ins., the masts being G5 
ft. long, and the booms are 02 ft. long. The der- 
ricks have a lift of 57 ft., a working radius of 
118 ft., and a hoisting capacity of 10 tons. The 
pumps are small horizontal pumps placed in the 
trenches for the core wall foundations. 

Figs. 3 and 4 show two views of the work now 
in progress. The derricks are all operated by com- 
pressed air, and the rock excavation shown was 
effected by groups of drills operated by air. For 
photographs and other information used in this 
article we are indebted to the Ingersoll-Sergeant 
Drill Co., and to Mr. Henry B. Reed, C. E., who is 
superintendent for Mr. McDonald, the contractor. 


COMPRESSED AIR MOTORS form the subject of a late 
letter from Paris to the New York “Evening Post.”, The 
Mokarskl system, introduced at Nar.tes, in 1S79, includes 
the storage of air compressed to 25 atmospheres in res- 
ervoirs under the motor-car. This air passing through 
a regulator is reduced to a pressure of 5 atmospheres in 
the working cylinders, and the loss of energy in this re- 
duction, estimated at 38%, is met by a reheating of the 
air before it enters the cylinders. The Mekarski sys- 
tem of motors is now used on the line from Nogent to Bry, 
on the Marne, from the Louvre to St. Cloud and to Ver- 
sailles; and from St. Augustin to Vincennes. The ob- 
jections to the system is the dead weight of the motor-car 
and its reservoirs, amounting to from 4 to 10 tons, and 
the necessity of going to a central station for re-charging. 
Otherwise, the system works well and grades of more than 
0% are readily overcome. Mr. Popp, of the Compagnle 
Parlslenne d’Air Comprlme, now proposes to establish 
lines of piping carrying compressed air and bo arranged 
as to charge the car reservoirs at short intervals along the 
route, and he has already laid down 2V4 miles of such a 
line, furnishing air at 10 atmospheres, in Saint-Quentin. 
He would thus do away with the heavy reservoirs on the 
motor-car and claims a loss of only 1% in transmitting the 
compressed air 214 miles, with a plant costing about the 
same as for electric traction; both for compressors as 
offsetting dynamos, and pipes as offsetting overhead wires 
and their supports. The extreme cost price of the Me- 
karski system, as originally used, is set down by this cor- 
respondent at 7 cts. per kilometer per motor car, or 
11.3 cts. per mile, including the compression of the air, 
repairs, maintenance, Interest, sinking fund and profit to 
factory. This is compared with 17.7 cts. per mile for 
horse-tramways in Paris. When the motor hauls anothor 
50-pasaenger car, the supplementary expense is 3.2 cts. 
per mile. In Belgium, where labor and coal costs half 
as much as in Paris, the cost goes down to 6.4 cts. per 
mile for the motor-car. 



PIQ. 4.— EXCAVATION AND LOADING OP ROCK BY.COHPRESSED AIR PLANT. 
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Compressed Air Motors in New York. 


Several of the compressed air motor cars recently built at ilia 
Worcester works of the Wheelock Engine Company 'were received' 
ill XewYoik last month. They were built under the superintend- 
ence of Joseph 1 load ley, of Iloadley Brothers, and Walter Knight, 
formerly of the C.eneiul Electric Company. A trial trip was made 
on Sept. 26, ..n the lines of the Metropolitan Street Railway Com- 
pany with satisfactory results. 
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with any other system, and at any rate of speed. The intro- 
duction of air motors can be gradual ; one motor can be tried, 
and, if satisfactory, the number can be increased to a full 
equipment. The steam required for electric or cable lines 
can furnish the little that is required for an experimental 
compressor, and will be more than sufficient for a full equip- 
ment. No outside expenditure whatever is required — no 
conduits, poles or wires. In this respect it differs from 
other systems, and permits a test to be made at a minimum 
of cost ; but compressed air motors can no longer be con- 
sidered as experiments. While they may not have attained 
the utmost limit of perfection of which they are capable, 
the experience in Europe, in Rome, N. Y., and in the City 
of New York, should be sufficient to satisfy the most 
skeptical. 
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MOTIVE AGEXTS FOR A UTOMOI'ILES 21 

The suggested substitutes lor the three above agents will now be 
considered, taking in the first place gas under pressure and com- 
pressed air. As regards air, its native densitv, even under heavy 
pressure, is very slight, and enables it to accumulate considerable 
energy , 1 kg. of air compressed at 45 atmospheres is equivalent 
to not less than 20.7G5 kgm. (GS.110 ft. -lb. per lb.). It must, how- 
ever, be confined in a receptacle weighing thirteen times more 
than itself, so that the specific power of this same confined air is 
not more than 1,G03 kgm. (11 GOO ft.-lbA This cannot compare with 
4.250,000 theoretic kgm. and 250,000 kgm. effective at the wheels 
given by 1 kg. of petroleum (10.040,000 ft.-lb. and 1.190,000 ft. -lb. per 
1 Hi.). As regards practical employment of compressed air, its use 
on public tramways will be familiar. The air compressed at 45. GO, 
and even 90 atmospher* s, by aid of a special apparatus, which 
must lie prevented trom heating is carried in receptacles on the car. 
The compressed air does work by its expansion in the motor cvlinder, 
but as this expansion would lie lollowed bv cooling and formation of 
ice in the cylinder and exhaust pipes, the compressed air must be 
heated before use. by m iking if bubble through hot water, or bv 
passing through heated pipes. All this certainly complicates the 
use of compressed air as regards automobiles, but its use is possible 
lor t mm cars which, whilst always running along the same road, and 
periodically returning to the charging- stations, are sufiieientlv big 
to carry heavy receptacles containing the fluid. Finallv. the decrease 
ot traction strain ottered by the rails and the number of passengers 
simultaneously transported make the cost per car-kilometre or per 
car-mile reasonable, though still relatively great. (With the 
Mekarski tramways of P.^is and Nantes, whose ears each weigh 12 
tons and carry 50 passengers, the cost per car-kilometre is 3.3d., 
that is, 5 3d. per car-mile : in the tormc-r figures, the compressed air 
is represented by 1 -'id., repairs ot pipes 0 70d., and repairs and lubri- 
cation of the ear. 0 G7d. i 

This would net be feasible tor an automobile which must find 
supplies easily and has not space to carrv sufficient tanks for a long 
journey.: and consequently, in spite of its real advantages as regards 
cleanliness, ease ot starting and stopping by aid of a valve, and the 
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impossibility of tire, this system of propulsion does not seem to be 
suitable for automobiles: this fact explains the failure of experiments. 
W. Mann in 1822. Wright in 1S30, and Fordham in 1832, prepared 
plans for compressed air automobiles which have never been 
executed. In 1M0, two French engineers, Andraud and Tessie 
du Motav, built the first compressed air car, and on July 9th of 
the same year it mail*’ a trial trip at Chaillot or a railway track ; 
its structure would have enabled it also to run on roads, but 
there is doubt whether it ever ran on any other occasion than 
that mentioned. Recently, Hartley of. Chicago constructed a 
tricvcle with a reservoir between the nto front bearing and steering 
wheels. This air container drove a two-cylind. r motor, which 
transmitted its motion by means of two chains to the rear driving- 
wheel. An average speed of 1 2 8 km. (8 miles) an hour was obtained ; 
but though the Chicago postal authorities endeavoured to sub- 
stitute it for some of their ordinary cars, it is not thought to 
have much of a future, even for purely city service. Ravel 
states, in a French publication, that this system, tried about 188s 
on a tramway, showed a loss of 70 per cent, by the transmission 
gear. 

Finallv, at the Paris Salon of 1899, the firm of Molas. Lamielle, 
and Tessivr exldbited a heavy goods vehicle: but. though it may 
be regarded as the medium between the light ear, for which 
the employment of air seems impossible, and the tramear, for 
which it is used daily, it is not believed that this application 
will lead to anything. The vehicle in question, originally con- 
structed for animal traction, was adapted with onlv the minimum 
number of alterations actually required for its new use. The air 
supply is said to be carried in bottles made of a special kind of 
soft steel, which does not burst, hut tears like lead when the 
pressure is too great to he withstood. Some further particulars 
should be given of this steel, which so surely obviates the danger 
of storing gases compressed until thev give a pressure of not less 
than 300 kg. per cm.- <4.270 lb. per sq. in.). Many tramcars in 
France employed air compressed to onlv 45 atmospheres, and in 
any case it is not believed that the pressure in the above case ex- 
ceeds twice that, whereas Molas, Lamielle. and Tessier make it more 
than six times. In America, it is said, the air is now compressed 
to this pressure. A suitable expansion brings the compressed air 
to the pressure at whi< h it is employed in the cylinders, namely, 
60 kg. to 4 kg. per cm.-’ (854- lb. to 57 lb. per sq. in.), and the 
precautions taken to prevent the formation of ice are not stated. 
The motor, composed of four single-acting cylinders, is placed with 
its adjuncts in the car, under the driver's seat, out of the way ot 
mud and dust; and the makers say that a special system of dis- 
tribution enables the air to be employed to within the last few 
cubic centimetres. Normally, the motor makes only 2s0 revolutions 
per minute, and from 1 h.pt. to 35 h.p. can be obtained. The 
four pistons directly drive the intermediary shaft carrying the 
little sprocket wheel, which, by means of chains, impels the driving 
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wheels, these l<eing at the back of the vehicle, and furnished with 
sprocket pullers : a stretcher, said to be similar to two guide rollers, 
keeps the chain links in the pockets intended for their reception. 
Steering is made possible by means of a pivoted fore-carriage. 
Tiie constructors give the following figures: — 


Weigh: of tar 



U"0 kg. ... 

3,000 lb 

„ motor and adjuncts ... 



430 kg. ... 

00o lb. 

„ „ compressed air tanks 



1.050 kg. ... 

2.315 lb. 

., „ car in running order... 



£.000 kg. ... 

O.joO lb. 

,, ., useful load 



j.iKjo kg. 

4.4M lb. 

„ ., useful load compared 

weight of loaded car... 

S]k'p<1 per hour 

with 

total 

4>>S per cent. 
1<* km. 

O' -2 miles. 

Cost of niotof car 



10.00) fr. ... 

£ 400 . 

Cost price j>cr ton per kilometre 
journey of 50 km. ml miles 1 

for 

daily 

*0'295 fr. ... 

2s. +.1. 

Cost price j»er ton j>er kilometre 
journey of 103 km. if>2 miles) 

for 

daily 

+ 0-100 fr. ... 

Is. Pd. 


* la. 7J. i*r ton pvr mil*. t I*. M j*r t/>n per mile. 


These figures show greater economy than those obtained in the 
Versailles competition in 1807 (see p. 7G7), but they cannot be 
compared legitimately until they have been verified hv tests made 
and controlled as carefully as those of the competition. Until 
then, it will be more economic, it is thought, to bum coal in the 
boiler of an automobile than in that of a compressor to feed 
the car. 



( >in])rt'>st*i] air, roii^idereil a> a liiutivt* power, air*>rtl> 
a >Trikiii^ evidence <>1 the pertimurity with which a 
prejudice, which lias been engendered by early failure* 

in any line of experimentation, will clin^ to it in JANUARY 70 I 8 q 7 
subsequent attempts. At least -so it would seem, it om- ^ * 

should judtfe by tin* ever recur- “ 


Scientific ^muicau. 

COMPRESSED AIR MOTOR ON THE ELEVATED 
RAILROADS, NEW YORK. 


ring | iredict i( ms (if failure which 
greet tile arrival of a new design 
of compressed air motor. These 
predict ions are usually prefaced 
with tile .statement that the tie 
feet- of compressed ail' are in- 
herent in the application of 
tile principles upon which it 
works, certain physical laws 
rendering it impossible that a 
hit'll cflicicncy can he achieved. 

That the early attempts were 
doomed to failure because oi all 
extravagant loss of power be- 
tween the compressor and the 
motor cannot he denied; Imt 
that the defect should be set 
down as permanent and without 
reined) is to east discredit upon 
the resources of science and me- 
chanics. Solar from the course 
of invention in this particular 
field hems' of the blind and 
in i iii't meted kind, it has been 
carried out on scienl ilie lines and 
marked by an intelligent investi- 
gation whicli will compare favor- 
ably with that in any other Held 
oi experiment. 

In tile early and faulty use of 
the system, air was compressed 
and stored ill a receiver, from 
which it was drawn for use in 
the cylinders of the motor. It 
was found that the mean pres- 
sure available behind the piston 
of the motor was very much less 
than the mean pressure at the air 
piston of the compressor. So 



VIEW OF MOTOR IN COURSE OF CONSTRUCTION, SHOWING BATTERY OF COMPRESSED 

AIR STORAGE FLASKS. 


great was the loss that in some 

of the plants it is acknowledged to have amounted 
to lietween fifty and sixty per cent. The difficulty was 
due to a natural law governing the contract ion and ex- 
pansion of air, according to which its sudden compres- 


(ion. There will also lie the mechanical disadvantage 
that, the temperature of the exhaust being considerably 
below the freezing point, tile passages are liable to lie 
clogged with ice. 

These are flic fundamental difficulties which threw 


sion is marked by a sudden rise in temperature, and its 
sudden expansion being followed by a corresponding 
fall. If a given volume of free air lie compressed 
to one-half, its temper- ing atmosphere. Again, 

ature will be raised I lli the expansion of the ait- 

degrees ; on the other in the motor cylinders 

hand, if a given volume will be attended with a 

of free air lie expanded corresponding fall of 

to twice its original vol- temperature, which, ac- 
linic, its temperature cording to law, will be 


discredit upon the first attempts to use compressed air 
lis a motive power, and led to the sweeping assertion 
that it was inherently and essentially uneconomical. 
Subsequent experiments in Europe and America have 
shown, however, that by the application of lieat to the 
air on its way from compressor to motor, its efficiency 
may be largely increased, and in the various street 
car motors now running in botli countries this reheat- 
ing is invariably carried out. The system adopted by 
the builders of the motor which forms the sub- 


will fall 110 degrees. If accompanied by a de- 
air he compressed in un- crease in volume and, 

jacketed cylinders, the therefore, in pressure, 

attendant heat will he this decrease in pressure 

communicated to the being additional to 1 hat 

walls of the cylinders which results from the 

and lost by radiation, expansion of t he air due 

and what heat is not to the travel of the 

lost ill this way will piston. There will thus 

escape by radiation be a loss at both ends 

from tile storage tanks, —that at the compressor 

its its temperature falls due to the generation 

to that of the surround- of heat and that at the 

motor due toils dissipa 


jeet of the accompanying illustrations consists in pass- 
ing the compressed air through a tank of hot 
w ater before it is used in the cylinders. There are 
certain other economies attending the compression at 
the power station and the utilization of the exhaust 
steam which altogether render the plant of the Hardie 
motor of special scientific and technical interest . One 
of tile most marked advances over the old systems 
is seen in the extremely high pressure (L’.tHHl pounds 
to the square inch) at which the air is stored in 
the tanks. This lias been adopted because of tin- 
valuable and opportune property of air that under 
high pressures a certain increase of pressure calls for 
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January 14, 1897. E N 


COMPRESSED AIR AND ELECTRIC TRACTION ON NEW 
YORK STREET RAILWAYS.* 

The underground trolley system of electric propulsion 
for street surface roads has now had a year’s trial on the 
Lenox Ave. line of the Metropolitan St. Ky. Co. in New 
York city, and although not quite as satisfactory or econ- 
omical as the overhead trolley, is regarded as preferable 
to the cable in so many respects that its use is to bo ex- 
tended to other longitudinal routes of this company. In 
view of this fact it is safe to predict that there will be no 
more cable construction in New York city. 

Some very satisfactory experiments have been made re- 
cently with compressed air as a motive power. Three 
Hardy compressed air cars, manufactured at Rome, N. Y., 
have been in operation on the 125th St. line of the Third 
Ave. R. R. Co. since Aug. 1, 1896. The cars are run 
across 125th St. from the Fort Lee ferry to the East River, 
a distance of a little over two miles. They are charged 
every three round trips, thus giving them a run of about 
13 miles. The heaviest grade is about 8%, near Fourth 
Ave. The compressor plant is located at the car barn. 
An 80-HP. engine compresses the air into a battery of 
storage tubes at 2,000 lbs. pressure, and the air is carried 
through a pipe to a point in the barn where the car is 
charged, about two minutes being required for the opera- 
tion. Two cars are constantly in service. The third stands 
at the barn ready to take the place of a car requiring to 
be recharged. Each car holds 52 cu. ft. of air under a 
pressure of 2,000 lbs. The working air pressure as applied 
to the motor averages about 130 lbs. During the Decem- 
ber bhow storms the cable cars were blocked on the 125th 
St. line while the air cars had no difficulty in making time 
when not interfered with by the other cars. It is claimed 
by the inventor of this system that the cost of operation 
per car mile will be less than the overhead trolley system. 
The limited operation on 125th St., however, does not fur- 
nish sufficient data for accurate conclusions. 

The Hoadley compressed air system is being experi- 
mented with by the Metropolitan St. Ry. Co. on its Lenox 
Ave. line between 110th and 146th St. with apparent 
success. The chief difference between these two com- 
pressed air systems is in the method of applying the power. 
The Hardy motor has cylinders and piston acting di- 
rectly upon the axle as in the case of a steam locomotive. 
In the Hoadley motor the power is applied by gearing. 

The Manhattan Elevated R. R. Co. intends making ex- 
periments with the Hardy motor. The motor company 
is now building an engine at Rome about the size of the 
steam engines at present In use on the elevated railway. 
It will be operated on the Sixth Ave. line, between Rec- 
tor St. and 58th St., the compressor plant being located 
at Rector St. The engine will be constructed to carry 
sufficient air to operate a train of five cars 13 miles with- 
out recharging. It Is expected that the engine will be 
ready for service some time In February. 

The elevated railway company has also been trying elec- 
tricity on its 34th St. branch, from Third Ave. to the 
34th St. ferry. The motor was built upon the trucks of a 
dummy engine. A third rail, which conducts the current 
from the power house to the motor, has been placed on 
Insulated chairs fastened to the guard timbers outside the 
track rail and standing about 10 Ins. above the track rails. 
The connection is made by two steel shoes which reach 
from the lower side of the motor and clasp the charged 
rail. When more electricity is produced than is used by 
the motors it is stored in accumulators located at the 
ferry end of the route. This motor has been successfully 
working since Oct. 5. The average power, including 
heat and light for the carB, is 45 amperes; voltage 450. 
No difficulty In operation was experienced during snow 
Btorms, and mechanically the motor has done all the work 
required of it. Regarding its economical efficiency, the 
line is too short and the traffic too limited to admit of 
comparisons that would be of much value. 


•Extract from the report of the Board of Railroad Com- 
missioners of New York State for 1896. 
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Compressed Air Motors in New York. 


The fact that two compressed air motor cars belonging to the 
American Air Power Company have been in operation for some time 
in New York City, is known to the readers of the Strkkt Railway 
Journal through articles in former issues. In the last issue of 
“Compressed Air” a report of their operation is given by K. K. 
I’ettee, engineer of the American Air Power Company. The folldwo- 
1 ig statements are taken from this report : 

The 125th Street line of the Third Avenue Railroad extends 
across town from the North River to the Harlem River, the length 
' ’ the tracks being 10,854 ft-, making the round trip 4. 1 1 miles, over 
which cable cars are operated at intervals of 2)i minutes. Air cars 
were substituted for two of these cable cars, the schedule calling for 
nineteen round trips each, of 79.09 miles per car; for a daily service 
ot 156.18 miles besides 1. 14 miles of switching to and from the car 
house and street tracks, making the total distance covered daily, 
'57-3 2 miles. Each car runs from 12.50 to 16.67 miles cm a single- 
charge of air. 

During a portion of the time, only single service was performed, 
as at present, so that the total average mileage per day from Aug. 3 
t" Mar. 3, was 125.16 miles, the total distance covered, 23,030.5 
miles, and the total number of passengers carried, 137,386. The cars 
have operated every week day, but are not run Sundays. 

The grade from Fort Lee Ferry east to the boulevard is 1.96 per 
cent, while at the New York Central Railroad tunnel crossing, the 
maximum grade is 7.7 per cent for a short distance. 

In the following statement of operating expenses, the coal and 
water items include all that has been used at the compressing plant 
during this period, and the labor account includes, in addition to 
the operating employes, a night watchman, record keeper, and also 
switchman for a portion of the time. It must also be borne in mind 
that the fires are kept under boilers for twenty-four hours, although 
the compressor only runs seven hours daily. 

Actual average cost per car mile for entire period— seven 
months — 125.16 miles per day. 


Coal • • ’ ... 5.0563 

Water 0,03 

Oil and waste 0013 

Power plant labor . ,1261 

Conductor and motorman 060S 

Repairs car equipment 0038 


Average present cost per car mile, with one 
formed — 78.09 miles per day. 

Coal 

Water 

Oil and waste 

Power plant labor 

Conductor and motorman 

Repairs, car equipment 


J.25S6 

car service 

■ • L°675 

,0113 
. .0017 

. . .0833 

. . .0608 

. . .0038 


per- 


Average present cost per car 
miles per day. 

Coal 

Water 

Oil and waste 

Power plant labor .... 
Conductor and motorman 
Repairs 


5.2284 

mile, with two car service- 1 56. 18 

£0.133 

0103 

<>013 

0843 

0608 

0028 


5.2018 

If the proportion of labor actually utilized in this service is con- 
sidered, the expense would only amount to 50.1791 per car mile at 
present. 

The present number of employes is six, besides conductors and 
motormen. 

The reason for the present cost of operation being lower than 
the average for entire period is that the number of employes has 
been reduced as well as the air consumption by the car. The num- 
ber of employes at present is, however, sufficient to operate a fifteen 
car service, so that the proportion of labor charges per car mile is 
still very high. 

At a recent conference of several engineers, who investigated 
the cost of operating the American Air Power Company’s system in 
behalf of a street railway now operating a large number ot ears at 
intervals of one minute, it was determined after careful examination 
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and agreed that for the items above enumerated, the cost per car 
mile would in no event exceed Jo. 085, and that with a large equip- 
ment of cars in service, like that performed on 125th Street, the cost 
would only be $0.0756 for the same items now costing Jo. 2018, while 
operating the two car service. This would make the total operating 
expense of such a road about twelve cents per car mile. 

The average consumption of free air per car mile for the seven 
months’ service of air cars on 125th Street, has been 477.7011. ft. 
During the severe snow storm of Dec. 16, 1 8y6, the cars performed 
the schedule service with promptness and regularity, carrying 20 
per cent more passengers and using 22 per cent more power 
than the day previous. In comparing results with an electric road 
in this vicinity, it appears that with 35 percent less set vice than the 
day previous, the load on the power plant was about 80 per cent 
greater. 

During the last week, the average consumption of free air per 
car mile was only 414 cu. ft., and many of the trips were made on 
considerably less than 400 cu. ft. 

The actual cost of compressing air to 2500 pressure per square 
inch, and storing for use in a modern air compressing plant opera- 
ting with condensing engines, including coal at J2.75 per ton, water, 
at Jt per. thousand cubic feet, oil and waste, the removal of ashes, 
litiau-l,reijpd.rsiand maintenance of power plant, depreciation, and in- 
tbrcstUni-oosUof' entire power plant, including buildings, for com- 
pressing plants of the following capacities, based on the consump- 
tion of 2 >2 lbs. of coal per hour, per horse power for twenty hours 
per day, is estimated as follows : 

Cost per 1000 ^cu. ft. of free air compressed to 2500 lbs. pressure 


per square inch. 

STATION CAPACITY. 

500 cu. ft. per minute $0.0675 

1000 “ “ 0571 

2000 “ “ 0469 

3000 “ " 0419 

4000 “ “ 0394 

5000 •< “ 0375 

6000 ” " 0359 

7000 “ “ 0342 

8000 “ “ 0326 

9000 " “ 0312 

10000 “ “ 0300 


The process of operating the compressed air system on 125th 
Street, is as follows: 

The air is first compressed by a steam actuated air compressor, 
which is compounded in three stages from which the air passes 
through a cooler and dryer and is accumulated in a nest of Mannes- 
maiin steel flasks which are all connected in multiple by a series of 
headers or manifolds, in which stop valves are placed for control- 
ling and confining the air to be stored at a maximum pressure of 
2500 lbs. per square inch. A pipe leads from this air storage to the 
car house charging stand, placed alongside the track, which con- 
sists of a copper pipe in three sections, having a controlling valve 
and flexible joints and a charging nozzle at the end. All the joints 
and the nozzle are self packing so that no leakage has occurred in 
the seven months’ service. After the car lias been connected by in- 
serting the nozzle in a pipe at the side of the car track, the charg- 
ing valve is opened and contents of the station storage flasks ad- 
mitted until the desired pressure — 2000 lbs. per square inch — is reg- 
istered by the car storage gage. When the charging valve is 
closed and a small bleeding valve in the charging pipe opened, 
permitting the high pressure air in the short length of pipe to es- 
cape, at the same time a check valve in the car piping closes auto- 
matically preventing any escape of air, after which the nozzle is 
removed and the car reacly for another 17 miles’ service. The en- 
tire time occupied, including connecting and disconnecting in ac- 
tual daily service, takes less titan two minutes, and has been done 
in less than one minute in numerous trials. 

At the same time the car is being charged with air, another 
nozzle is introduced to the heater connection, and live steam from 
the boilers is admitted, until the temperature registered is about 
300 (legs. F. 

The air storage reservoirs on these cars have a capacity of 51 
cu. ft., sufficient to run tile car 18 to 20 miles continuously, or from 
14 to 17 miles, making the stops incident to ordinary street railway- 
service. A larger capacity could readily be installed on the car, 
giving it ample power to run 20 miles with a reserve. The reser- 
voirs consist of seamless steel flasks capable of standing a pressure 
of double that used without reaching the elastic limit of the metal 
and with no possibility of leakage. They are 9 ins. in diameter and 
of varying lengths adapted to their location under the seats and the 
car floor. Between the flasks and the motor is placed a small tank 
containing 6 cu. ft. of water which is heated as before described. 
The tank is jacketed with non-conducting material, preventing ex- 


ternal radiation. This provides not only against loss of heat, but 
also against any perceptible rise in the surrounding atmosphere, so 
that no discomfort can arise from it. , 

Numerous trials have proved that the application of heat as 
employ-cd in this system enables tile cars to run nearly double the 
distance that cold air will carry them. 

In operation, the compressed air, after passing through a re- 
ducing valve and being lowered to 150 lbs. to the square inch (the 
working pressure ), circulates freely through the hot water, and a 
mixture of heated air and vaporized water passes to the motors, 
working expansively, the terminal pressure being so' low as to cause 
no sound in exhausting the air. 

The motor mechanism consists of two simple, link-motion re- 
ciprocating engines having cylinders 7 ins. in diameter and 14 in. 
stroke, with valves cutting off at trom to {j, and applying 
the power by connecting and parallel rods direct to the crank pins 
of the drive wheels, which are four in number, 26 ins. in diameter 
running ciM a wheel base of 7 ft- Upon this four wheeled truck 
rests the entire weight of the car and mechanism, evenly distributed 
upon elliptic springs, enabling the car to pass smoothly over bad 
track and crossings. 

The mechanical features of the motors are substantially identi- 
cal with those of a steam locomotive, minus fire box and boiler. 

The car is fitted with specially designed air brakes of sufficient 
power, with the high pressure air always at command, to set the 
wheels instantly if desired, by a single -wrist movement of the 1110- 
torman. 
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Compressed Air Motors in Washington. 

Tiie Kckington & Soldiers’ Home Railway Company, of Wash- 
ington, I). C., has in operation one of the IIoadley-Knight com- 
pressed air motor cars. The car carries the air under a pressure of 
2000 lbs. per square inch in thirty-four reservoirs, and all machinery 
is located under the car. Mr. Schoepf, the receiver of the Kcking- 
ton & Soldiers’ Homo Railway Company, states that the results have 
been so satisfactory that fifteen cars have been ordered and also a 
compressor. 

Mr. Schoepf is quoted as saying that “ No disinterested ob- 
server who has watched the tests over the Kckington lines that have 
been conducted for some time past can have any other than my own 
opinion about the reliability and success of compressed air for street 
car propulsion.” 


Compressed Air Motors for Elevated Railroad 

Service. 


The accompanying engraving shows a new compressed air loco- 
motive recently built by the American Air Power Company for the 
Manhattan Elevated Railroad Company of New York. The loco- 
motive will be put ill operation within a few days on the Sixth Avenue 
division of that company and will operate between Fifty-eighth 
Street and Rector Street. . 

The wheels are 42 ins. in diameter ; the dimensions 01 the 
cylinder are 13 ins. in diameter by 20 ins. stroke, and the storage- 
reservoir has a capacity of 175 cu. ft. This, it is estimated, will 
allow the locomotive to make the round trip between Rector 
Street and Fifty-eighth Street with 20 per cent reserve. The reservoir 
is composed of Mannesmann tubes with a diameter of 9 ins. ami 

having various lengths, from 14 ft. to 20 ft. 6 ins. The thickness of 
the tube is 9 ins. The tubes are rolled from solid ingots according 
to the regular Mannesmann process. 

The air is stored iu the reservoirat 2000 lbs. pressure. It is used 
in the cylinder at 200 lbs. pressure with cut-off at stroke. I11 
passing from the reservoir to the cylinder it traverses the usual hot 
water reheater and enters the cylinder at a temperature of from 200 
to 300 degs. The water is kept heated by a small coal fire. But little 
fuel is required to maintain this, as will be appreciated, when it is 
stated that only an ordinary scuttleful of coal is carried by the 
engine. 

A novel feature of the engine, as will be seen, is the location of 
the cylinder. This is directly under the cab, giving a short lead for 
the heated air. Tile valve mechanism is extremely simple and can 
be seen in the engraving under the cab. It is operated by the wheel 
which can be seen through the window of the cab. The weight of 
the entire locomotive equipped is 47,000 lbs. The power station will 
be located at 100 Greenwich Street. 
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COMPRESSED AIR LOCOMOTIVE FOR NEW YORK. 


June 24, 1897. 


ENGINEERING NEWS. 


THE HARDIE COMPRESSED AIR LOCOMOTIVE FOR 
THE MANHATTAN ELEVATED RY. 

Compressed air has for many years been In lim- 
ited use as a motive power for small locomotives 
and motor cars for mine work and In street rail- 
way service; but the last two or three years has 
witnessed a revival of Interest In this form of mo- 
tive power on the part of Inventors and Investors, 
which Is resulting In a more extended trial of 
this class of motor than has ever before been 
given to It. The chief difference between the re- 
cent work In compressed air locomotion, and that 
which was done In former years Is the use of a 
very much higher pressure In the storage tanks, 
roughly about 2,000 lbs. per sq. In., against some 
300 lbs. to 600 lbs. In the older experiments. The 
result Is, of course, the storage of a much larger 
amount of power In the same bulk, which means 
that a motor car with air Btorage tanks of a given 
size can run a much longer distance between 
chargings than was formerly the case. 

What Is doubtless the most ambitious attempt 
at compressed air locomotion for railway service 
that has ever been made is the construction of a 
compressed air locomotive for the Manhattan Ele- 
vated Ry. In New York city. 

This locomotive was built by the New York Lo- 
comotive Works, of Rome, N. Y., to the designs 
of the Inventor, Mr. Robert Hardle, Chief Engi- 
neer of the General Compressed Air Co., and It Is 
being operated by the American Air Power Co., of 
New York. We are Indebted to Mr. E. E. Pettee, 
Chief Engineer of the latter company, for the 
photograph and drawings of the engine from which 
our Illustrations are prepared. It Is true that a 
Hardle engine was tried on the Second Ave. line 
of the elevated railways In 1881, but at that time 
the storage pressure was only 600 lbs. per sq. In., 
while In the new engine a pressure of 2,400 lbs. 
Is made practicable by employing Mannesmann 
rolled steel tubes for the air reservoir. 

As will be seen by the general view In Pig. 1, 
the new engine somewhat resembles the steam lo- 
comotives of the elevated railways, but It has 
neither smokestack, tank nor coal bunker, and hag 



FIG. I.— HARDIE COMPRESSED AIR LOCOnOTIVE FOR THE MANHATTAN ELEVATED RAILWAY. 
American Air Power Co., Owners; New York Locomotive Works, Builders. 
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a two-wheel Instead of a four-wheel trailing truck, 
and the cylinders are placed under the cab. The 
air reservoir, which occupies the place of the boiler 
of a steam locomotive, consists of a set of 27 Man- 
nesmann rolled steel tubeB, 9 Ins. diameter and 15 
ft. 6 Ins. long, all enclosed In an ordinary boiler 
jacket. The drawings show 37 tubes, but the en- 
gine, as actually built, has only 27 tubes. The 
nipples on the front ends of these tubes are fitted 
with pipes, each set of pipes being connected to a 
main pipe leading to a vertical header, from the 
base of which two pipes lead to the pressure-re- 
ducing valves, which reduce the pressure to 150 lbs. 
per eq. in. From these valves the air passes to 
a vertical reheater In the cab, having a capactly 
of about 50 gallons of water, which Is heated by a 
small stove at the bottom. The air then passes to 
the cylinders. The slide valves are operated by a 
Stephenson link motion, with a Meyer adjustable 
cut-off, operated from the crosshead. The cut-off 
may be set at from one-tenth to half-stroke by 
means of a hand-wheel in the cab, connecting with 


The compressing plant is situated at 100 Green- 
wich St., near Rector St., and is operated by a 
230-HP. Corliss engine, built at the Cooper Works, 
Mount Vernon, O., and having cylinders 16 x 36 
Ins. This engine drives a quadruple air compres- 
sor built by the Ingersoll-Sergeant Drill Co., of 
New York city, having cylinders 3, 7, 0 and 21% 
ins. diameter and 36 ins. stroke, and being capa- 
ble of delivering 500 cu. ft. of free air per minute, 
compressed to a pressure of 2,500 lbs. The storage 
reservoir consists of a nest of Mannesmann rolled 
steel tubes, with a capacity of 820 cu. ft., In which 
the air is stored at a pressure of 2,550 lbs. The lo- 
comotive is charged by means of a self-packing, 
flexible metallic connection, the time occupied In 
charging being about 1 minute. 

The general dimensions of the locomotive are as 
follows: 

Driving wheels, diameter 3 ft. 6 lne. 

Journals, driving axles (hollow), diameter 5% " 

“ truck axles, diameter i " 

Wheelbase, driving 6 ft. 0 " 

“ total 13"6 '• 


the admission valve. In starting, It Is not neces- 
sary to alter the position of the cut-off valve, as 
a by-pass valve can be opened to effect a connec- 
tion between the low-pressure receiver and the 
cylinders, the air entering by the small pipes 
shown on the valve chest This valve is opened 
by pushing the brake handle beyond the point at 
which It releases the brakes, and as soon as this Is 
done the throttle valve is opened and the engine 
has ample starting power, regardless of the posi- 
tion of the cut-off. Increased pressure for starting 
may be obtained by pushing the brake handle still 
farther forward, thus operating a device on the 
reducing valve and allowing air to enter the cy- 
linders at a pressure one-third greater than the 
normal working pressure. When the engine has 
fairly started, the brake handle Is moved back to 
its running position, leaving the engine to work 
under normal conditions. 

A special air-brake is used for the driving 
wheels, and the Eames vacuum brake on the train 
will be operated, as at present, except that the 
ejector will operate by an air jet instead of a steam 


Truck pin to c. of leading driving axle.... 
Weight in working order: 

On driving wheels 

On truck wheels 

Total 

Cylinders 

“ distance, c. to c 

Piston rod, diameter 

Crosshead and guides 

Valve gear Stephenson; 

Inlet ports 

Exhaust ports 

Slide valves, lap, 1-lfi-ln.; lead 

“ “ maximum travel 

Air reservoir, Mannesmann tubes 

** number of tubes 

“ diameter of tubes (outside) . . 

" “ “ (inside) . . 

•* length of tubes 

Reservoir pressure, with fresh charge 

“ when requiring to be recharged 
Cylinder pressure, initial 


7 ft 6 ins. 


36,000 lbs. 

.... 11,000 “ 

47,000 " 

.. .13 x 20 Ins. 
....4 ft. 8 “ 

2 % " 

. . .Single bar. 
Meyer cut-off. 

, ... .1 x 12 Ins. 

1x12 “ 

%-ln. 

3 Ins. 

Steel. 

27 

9 ins. 

:: 

2, 400 lbs. 

450 ■■ 


150 “ 


Street cars on the Hardie system have been In 
operation for some time on 125th St., New York 


city, as noted in our issue of Jan. 14, 1897. It 
may also be appropriate to note that a detailed 
description of the latest types of steam locomotives 
on the New York elevated railways was published 
in our issue of Feb. 15, 1894. 


jet. The locomotive Is designed for a maximum 
train load of about 130 tons, and the highest re- 
corded speed is 45 miles per hour. 


4' 5' 











Fid. 3.— SIDE ELEVATION OF COHPRESSED AIR LOCOMOTIVE. 
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Compressed Air Motors. 

In a review, of the mechanical tramway systems 
of Europe by E. A. ZifTer, read before the International 
.Street Railway Association at its last annual meeting at 
.Stockholm, the statement was made that compressed air 
cars were then in use on seven lines in Europe, aggregat- 
ing about 40 miles of track and that several other lines 
were in course of construction. The General Omnibus 
Company of Paris has had compressed air motors on three 
of its lines for a number of years and they are giving, 
according to the general manager of the company, ex- 
cellent satisfaction. Many attempts have been made 
in this country to operate compressed air cars, but up 
to recently with exceedingly discouraging results. The 
value, however of a motive power for street railways that 
will obviate the well known objections to trolley lines, and 
the enormous expense and delay of equipment of conduit 
lines, has brought about within the last year a very rapid 
development of compressed air, as a motive power for this 
purpose. 

Reference has previously been made to the motors of the 
Compressed Air Power Company which has installed a 
number of motors in New York City and has during the 
last month put some motors in operation on the Kcking- 
ton & Soldiers’ Home Railway in Washington, I). C. This 
company was formed a little more than a year ago by sev- 
eral prominent New York and Philadelphia capitalists 
headed by Win. C. Whitney and Thomas R van, of New 
York, and Messrs. Elkins, Widener and Dolan, of Phila- 
delphia. The engineers secured by this syndicate to de- 
velop this system were two young men of long experience 
in electric and cable railroading, J. H. Hoadley and Walter 
H. Knight. The latter has been chief railway engineer of 
the General Electric Company and one of the pioneers in 
electric railroading while the former is a prominent designer 
and builder of electric railways. These gentlemen ap- 


proached the problem from an entirely novel standpoint, 
following rather the lines of the electric motor equipment 
than those of compressed air cars, as the latter had been 
built theretofore. They sought first a motor that would be 
like an electric motor— iron clad, and resting with one end 
upon an axle, to which its crank shaft was geared. 

The unsatisfactory results attending the use of side 
rods and exposed machinery, in connection with the elec- 
tric motor, were, of course, well known, and it was real- 
ized at once that in any form of air motor it was es- 
sential that the moving parts should be enclosed in a case 
where they could run in oil, free from dust, and where 
they would lubricate themselves continuously without t ! 
attention of the operator. It also seemed extremely desu - 
able to continue the use of standard street t ar wheels, 
axles, trucks and car bodies, as these have all reached a 
standardized form which is known to insure the least ex- 
pense of maintenance. 

Owing also, to the limited intelligence of the motor 
man, and the necessity of more prompt control than is had 



FIG. 1.— COMPRESSED AIR MOTOR CAR— NEW YORK. 
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FIG. 2.— SlOt VIEW— COMPRESSED AIR MOTOR EQUIPMENT ON STANDARD BROADWAY TRUCK 


with steam locomotives, it was considered necessary to de- 
velop a controller, which could be operated by a single 
handle to perform all the various functions of the con- 
troller in their proper sequence without requiring thought 
on the part of the motormen. These three features of iron 


from them to a combined reducing and throttle valve, which 
reduces the storage pressure to the working pressure. The 
pipe before reaching the reducing valve passes around the 
heater, so that the air can receive sufficient heat to pre- 
vent freezing any moisture that may be in it. 

The heater consists of a seamless flask charged with 
hot water under a pressure of from 150 lbs. to 250 lbs. 



FIG. 3.— DIAGRAM SHOWING FLOW OF AIR 


clad motors, running in oil, standard street railway rolling 
stock and single handle controller, were therefore made the 
distinctive features of the Hoadley-Kuight system, which 
may be described more in detail as follows: 

On each axle is mounted an iron clad motor, 
having two cylinders and cranks at right angles. 

One motor has two high pressure cylinders, 3}^ 
ins. diameter and 6 ins. stroke, and the other mo- 
tor has two low pressure cylinders, 7 ins. diameter 
and 6 ins. stroke. Upon the crank shaft is a 
pinion, about 9 ins. in diameter, meshing into a 23 
in. gear wheel mounted on the middle of the axle; 
the axle is straight, as used for electric motors, 
and the wheels are ordinary street car wheels. The 
motor consists essentially of a cast iron case, or 
basin, to which the two cylinders are bolted and 
in which all the moving parts, the piston rods, 
crossheads, connecting rods, cranks, gears, valve 
rods, eccentrics and reversing mechanism are lo- 
cated. The basin is covered with a lid which can 
be quickly removed, thereby exposing all the 
machinery for complete inspection. A sufficient 
quantity of oil is introduced into the basin to keep 
the moving parts continuously drenched with the 
lubricant, thus insuring for them the longest pos- 
sible life, and reducing to a corresponding degree 
maintenance account. 

The air reservoirs, in the shape of seamless steel 
bottles, are under the seats of the car, and a pipe leads 


The air on leaving the reducing valve passes through a 
coil kept hot by the heater to a temperature correspond- 
ing to the steam pressure of the hot water, and is then in- 
troduced into the high pressure cylinders, both of which 
are in one motor on one axle. During its passage between 
the reducing valve and the high pressure cylinder 
means are provided for injecting a certain amount 
of moisture into the air, this having been found 
to give certain advantages as will be described 



the 


FIG. 4.— SECTIONAL VIEW OF MOTOR CAR. 

later. In exhausting from the high pressure motor 
the air is again heated and passes through the low 
pressure motor on the other axle, from which it 
escapes through a muffler into the atmosphere. 
By having one motor high pressure and the other 
motor low pressure, undue slipping of the wheels 
is prevented, as when the high pressure wheels 
slip the low pressure motor gets more air and more 
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pressure, and the back pressure troin the receiver tends to 
stop the slipping. When the low pressure motor slips its 
wheels, it draws down the receiver pressure and thereby 
weakens itself, correspondingly increasing the strength of 
the non-slipping motor. The direction of the flow of the 
air is shown in Fig. 3 where R R are the air reservoirs, 
V the reducing valve, II the heater, M M the motors. 


perceptile acceleration. In common with other air cars, 
the start is easy and free from jerks. 

A forward movement of the single controller handle 
starts the car and the propelling force is proportional to 
the distance that the handle is moved from its starting 
peint, so that any degree of acceleration can be obtained. 
A backward movement to the starting position brings the 
valve to a minimum cut-off and closes the throttle. A still 
further backward movement reverses the motors and opens 


Twelve months’ operation 
have demonstrated that these mo- 
tors are highly efficient and ex- 
ceedingly durable, all of the origi- 
nal parts being still in use, The 
manufacturers estimate that mak- 
ing a liberal allowance for the 
wear and tear that must occur and 
which, in the case of the more 
rapidly wearing parts, has been 
measured, the maintenance per car 
mile can be figured at not more than 
one cent, which compares favora- 
bly with that of the electric motor. 

The weight of the standard 
Hoadley-Knight air car is tabu- 


lated as follows . 

Car body 6,000 lbs. 

Trucks _ . 4 . 5 °° “ 

Air reservoirs 3 >°°° 

Heater 5 °° 

Motors (each 1500 lbs.) 3,000 " 

Controlling apparatus 400 “ 

Piping ' 5 ° 



FIG 5 — TOP VIEW— COMPRtSSED AIR MOTOR TRUCK. 


Total 17.500 “ 

The motors are capable of slipping the wheels on a 
dry rail under a weight of 30,000 lbs., and are therefore as 
powerful as the heaviest electric motor equipment. 
The total weight is little, if any, more than that of an 
equally powerful electric equipment, and the rigid weight 
on the axle, to which maintenance of track is mostly 
charged, is considerably less. 

The air consumption of these cars varies from 30 lbs. 
to 40 lbs. per car mile, for a 34 ft. car of the Broadway 
type. About 11 lbs. of air can be compressed to 2000 lbs. 
per square inch per horse power hour. The cars require 
therefore, on an average a little over 3 h. p. hours per car 
mile, which in a modern compressor, running on a steady 
load and pumping into a reservoir of ample capacity, can 
be produced, it is claimed, for one-half cent per horse power 
hour, including all power house charges. To this must 
be added the cost of the hot water for reheating, which is 
given by the engineers of the system as one mill per car 
mile. The motive power expenses per car mile on this basis 
are therefore estimated as follows : 

COST PF.R CAR MII.E OF MOTIVE POWER. 


3 Vi h. p. hours at % cent. $.0175 

Hot water for reheating .001 

Maintenance of motor equipment .01 

Total $.0285 


This compares favorably with the best that has been 
done with electric motors. The storage capacity for a run 
of 17 miles would be 45 cu. ft. 

The Hoadley-Knight motors are controlled by vary- 
ing the cut-off as well as by the throttle, the two being op- 
erated simultaneously. This method of controlling is 
adopted because it not only gives the highest efficiency, 
but also gives the greatest range of power. A car can be 
started with a promptness only limited by the friction of 
the wheels on the rails, or may be started with almost im- 


the throttle to back the car. The inventors claim that 
anything less simple than this is not feasible, or indeed 
safe for street car work, and they point out as sustaining 
this view, that the only successful electric controllers have 
been substantially as simple. Of course, with an electric 
motor the reversing handle has been kept separate, as it 
is undesirable to reverse an electric motor, but with an air 
motor there is no objection to reversing, and there is there- 
fore no need of more than one handle on this account. 

The inventors have made a large and exhaustive series 
of experiments on the subject of the heater. They have 
tried all the known forms. Their first experiment with 
the Mekarski heater, which is the one generally in use on 
air cars and in which the air is made to pass up through 
hot water, proved to them that such a method is liable to 
bring excessive quantities of water over into the motors, 
when heavy demands are made upon the air. They also 
found, what had not been generally recognized until they an- 
nounced it, that such a heater, when the contained water 
is under a pressure exceeding that of the air, runs the 
motor, practically as a steam engine, with too much visible 
exhaust and too little air, and that after the pressure of 
the water in the heater falls below that of the air, practi- 
cally no steam is generated, and the air enters the motor 
practically dry. Their experiments with dry heaters 
showed them that the same economy could be obtained 
with dry heat as with wet, but the heater itself proved 
objectionable and difficult to regulate- This brought 
about a return to the hot water heater, but with certain 
precautions against admitting the air to the water, which 
proved highly satisfactory. 

Their experiments with air reservoirs have been prob- 
ably the most extensive ever made. They have tried 
large numbers of each of the five different prominent 



IT. P. Motor, Head End. 

Coasting on llGth. St. bet. Tib. and Lenox Ave’s 
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The placing of the motor in the middle of the axle 
and the driving of the axle in the middle, by means of the 
gear, does away with all lateral oscillation, so common in 
side rod motors. 

The car presents an appearance like that of an elec- 
tric car without the trolley accessories, and it is claimed to 
accelerate as quickly, to run as fast, to be as free from vibra- 
tion, start with greater ease, stop with greater promptness 
(owing to lack of momentum of armatures) and to possess 
in general all the advantages of the electric car, without 
any of its disadvantages. 

It is true that every two hours the cars must be 
charged, but this is done in two minutes and at the end 
of the line, where it does not inconvenience the passengers, 
and therefore, so far as the traveling public is concerned, 
is attended with no disadvantages. To the street railway 
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II. P. Motor, Crank End. 

126 th. Street, 10 miles per hour 







L.P. Motor, Crank End. 
126th. Street, 10 miles per hour 




L.P. Motor, Crank End. 

109th. Street, Up-Grade, C miles per hour 
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FIGS. 6, 7 AND 8— TYPICAL H. P. AND L. P. MOTOR INDICATOR DIAGRAMS. 
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manufacturers and have experimentally blown up all kinds 
repeatedly, both with air and water, and find that they are 
all very much alike, both as regards strength and character 
of rupture. They are now using the Iihrhardt flasks. It 
seems to be generally admitted that the air motor would 
have reached a practical state of perfection much earlier 
had it not been for the slow development of the art of mak- 
ing high pressure flasks, which until the last few years were 
not obtainable of sufficient strength to give the desired capa- 
city within a reasonable space. 

One of these cars will run 15 miles on a good track on 
a charge that is restricted to a space under the seats, and 
this could be even increased to 20 miles by crowding in all 
the flasks that the space could allow. 

As the air pressure in the reservoirs is always limited to 
that which the compressor can give, and as the reservoirs 
themselves are capable of withstanding nearly three times 
tins pressure, it will be readily seen that the element of 
danger is practically eliminated. There is no possible way 
111 which the air pressure can be iucreased to the bursting 
pressure of the flasks. Furthermore they are protected 
by a safety pop set to open at a pressure slightly above 
that given by the compressor. There is 110 deteriorating 
influence incidental to their use. There lias never been 
an explosion with any of these flasks by air, except when 
premeditated, and only then with the greatest difficulty 
and with apparatus especially constructed at great expense 
to bring the required force into play. Fvery flask is 
tested to 2 }4 times its working pressure before being 
used. Sieam boilers are only tested 1 times the working 
pressure- & 


man it means practically almost 110 additional expense, as 
in general a wait of at least two minutes is made at the 
end of the line. 

As compared with the storage battery car, which in 
its absence from dependence upon a distributing system 
the air motor resembles, the latter is claimed to possess 
the following advantages: 

1. Its storage cells cost very little, comparatively. 

2. They are a permanent investment, requiring prac- 
tically no repairing. 

3. The reservoirs can be charged in two minutes in- 
stead of six hours. 

4. An exhaustion of the battery does not injure it 
' as with the sulphating of the electric battery). 

5. The weight is about one-half. 

6. There is no odor. 

7. There is no corrosive liquid to slop over, or injure 
operatives’ hands. 

8. In case of necessity it can be charged along the 
line without leaving the line. 

Barring fuel burning motors, which seem to be by 
common consent ruled out of the sphere of street service, 
compressed air stands alone as the only available stored 
force, which suffers no loss or deterioration while stored, 
which is instantly available, which requires 110 skill to 
utilize it and which is absolutely free from any offensive 
products. It is due to these practical features that com- 
pressed air has been so successful as a transmitter of force 
iu mining work and air brakes, and the same advantages, it 
is believed by its promoters, will bring about its very gen- 
eral adoption for propeling vehicles. 
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The compressor problem for the high pressures used 
in this system is one which has required an especial 
amount of investigation. 

It was found that the three stage compressors were 
unsatisfactory. For one thing, the temperature conditions 
required at least four stages to prevent the carbonization 
of the lubricant, and a four stage, belt driven compressor 
was constructed in demonstration of this and other points 
and was used afterward to run cars in Washington, D. C. 
With this compressor, a new system of compressor valves 
was worked out, with a view of saving the frequent renewals 
caused by such valves as were previously used. With the 
new style of valves this compressor has shown a capability 
of being run continuously night and day at full speed for 
six mouths, without requiring any renewals. The valves 


necessary regulation. The forces exerted oppose and 
balance to a degree that renders the total friction of the 
machine very small. 

The arrangement and means of driving the air com- 
pressing cylinders is clearly shown in the illustration. 
This design gives directness and rigidity in highest degree. 
The air cylinders are mounted within and supported upon 
beds or housings which constitute water tanks for jacketing 
the cylinders and intercoolers, the latter consisting of 
tubes placed in the lower part of the housings. The 
cylinders are jacketed over the entire barrel and head, and 
an intercooler is provided between each cylinder as well 
as one for the final delivery. When consideration is given 
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are of such simple construction as to cost almost nothing 
for renewal. With a four stage compressor there is not 
only the improvement due to better treatment of the lu- 
bricants, by reason of the lower temperatures, but also less 
back leakage, and greater economy to the extent of about 
io per cent, or more, as compared with a three stage com- 
pressor having the same elements of improved detail. As 
compared with any three stage compressor the market has 
heretofore offered, the saving is claimed to be much greater. 

Taking advantage of the experience gained from the 
experimental four stage compressor, K. K. Hill, engineer 

of the American Wheelock Engine Company , designed a line 
of large compressors of a novel type, from which the builders 
claim to be able to produce most satisfactory results in 
extreme high pressure work as regards economy and dura- 
bility. This type is shown by the accompanying side eleva- 
tion which will give a general idea of the machine. 

The steam end is a vertical engine of ordinary kind 
in general, but specially adapted to have connected 
upon each side of the column, the horizontal air com- 
pressing ends each of which has two stages arranged in 
tandem form. The steam end drives a center crank with 
shaft resting in bearings on each side. The crank shaft 
has a triple construction, i. e., there are three crank pins, 
one being driven from the steam end while the others serve 
to drjve the compressor ends. These pins cannot, of 
course, be in the same vertical plane, but they are large 
in diameter and correspondingly short, so that in effect the 
center lines of the steam and air ends are in the same plane. 
Furthermore the steam and air cranks are of different 
lengths, the stroke thus differing, the steam end having a 
longer stroke. By this construction the proper relation 
between the piston speeds of steam and air ends is secured. 

By this general arrangement of steam and air elements 
in the machine, the relation of power applied to resistance 
offered is extremely favorable to a uniform turning effect, 
so that a relatively small flywheel suffices -to give the 
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FIG. 9 .— POWER DIAGRAM OF AIR COMPRESSION AND EXPANSION. 
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to all the pipe connections and other details necessary for 
the air and water in four stages, it will be evident that this 
design is singularly compact and direct. 

The cylinders are all single acting and fitted with spec- 
ial care to secure tightness of pistons. The air valves are 
made upon a novel system the result of extensive experi- 
menting. All usual forms of valve that were tried were 
found inadequate to answer the severe requirements of 
endurance and tightness under heavy pressures. The 
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FlG. 10.— FOUR STAGE AIR COMPRESSOR. 


The power diagram shown in Fig. 9 illustrates in a 
graphic manner the effect upon the air during the four 
stage compression, and the subsequent two stage expan- 
sion; the left hand half of the diagram showing compres- 
sion, and the right hand expansion. The compression side 
shows how closely the four stage compression approxi- 
mates the isothermal. The adiabatic curve from atmos- 
phere to 2400 lbs., also is shown, to give a graphic idea of 
the saving in power effected by the use of four stages. On 
the right the curve illustrates the loss, due to charging 
the car, when the pressure falls from 2400 lbs. to 2200 lbs , 
and the loss due to the reducing valve, when the pressure 
falls from 2200 lbs. to 320 lbs. Below this the high and 
low pressure cards show, by cross hatching, the gain in 
power due to reheating, and the ratio of the area of these 
two cards to the area of the compression cards, gives us 
what might be called the tliernio-dynamic efficiency, which 
in this case is 59 per cent. The accompanying data will 
explain the diagram more in detail. 

Assuming 100 i .h. p. in the engine during the com- 


pression, there is 
found to be a loss of 
20 per cent in the 
friction of the en- 
gine and compress- 
or. Of 80 h. p. thus 
exerted in com- 
pressing the air, 40 
per cent is lost in 
_ the subsequent re- 
duction of the press- 
ure. Of the 48 h. 
p. developed in the 
motor cylinders, 
there is a further 
loss by leakage of 
about 10 per cent 
and the friction of 


valves are conveniently accessible without disconnecting 
any main part of machine, and can be replaced in a few 
minutes. 

The machine as shown has a single steam cylinder, 
and has the outboard end of shaft carried in a bearing. 
The design is such, however, that the shaft of a duplicate 
machine can be connected, thus forming a duplex com- 
pressor with a single flywheel between, and using com- 
pound steam cylinders, or the single machine can be fitted 
with vertical, tandem, compound cylinders- 

The steam end is supplied with a high grade automatic 
cut-off valve gear, and all the details have been worked 
out with great care, the special features having been 
developed by exhaustive experimental use. It would seem 
that the claims of the builders that they have a unique 
and extremely efficient compressor in an entirely new 
class of machines, is well founded. 


the motor brings the residual power delivered to the axle 
down to 35. This comparatively low efficiency is largely 
offset by the fact that the compressor runs on a prac- 
tically constant load, and at a correspondingly high 
efficiency. 

The expense of installing this system does not differ 
materially from that of the electric trolley system. The 
compressed air power plant can be installed for the same 
amount as an electric power plant, and the cars, while cost- 
ing somewhat more than the trolley cars, are more than 
offset, it is claimed, by the expense of the trolley line it- 
self. As compared with the underground trolley, there is 
of course, a saving of the interest and maintenance of the 
conduit, a sum which would in itself exceed in many 
cases the whole motive power expense of the compressed 
air car. 


THE HARDIE COMPOUND AIR LOCOMOTIVE, de- 
scribed and illustrated in our Issue of June 24, 1897, and 
built by the American Air Power Co., made an exhibition 
run on the Sixth Avenue line of the Manhattan Elevated 
Railway on Aug. 19. The regular run from Rector St. 
to 58th St. was made in 19 minutes, with a train laod of 
192 invited guests. It Is said that the motor may be put 
into regular service shortly, to test the actual economy 
of the system. The trial run was successful in proving 
the ability of the motor to do the work required. 


August 26, 1897. 
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Trial of a Compressed Air Loeomotive on the 
Manhattan Elevated Railroad. 


The Hardie compressed air motor, which was built by the 
American Air Power Company to demonstrate the possibility ol 
drawing trains on the Manhattan Elevated Railroad, was put into 
service Aug. 23, and a public test of it was made by taking a train 
loaded with 192 persons over the Sixth Avenue road from Rector 
Street to Fifty-eighth Street and back to Cortlandt Street, 

Robert Hardie drove the locomotive and H. Paige, a regular 
engineer, was his pilot. Among those on the train were \V. J. 
Fransioli, general manager of the elevated roads; E. J. Elias, presi- 
dent of the Third Avenue Railroad Company; II. II. Vreelaml, 
president of the Metropolitan Street Railway Company; F. S. Pear- 
son, chief engineer of the Metropolitan Street Railway Company; 
David Young, general manager of the Consolidated Traction Com- 
pany, of New jersey, and a number of steam railroad men. 

The run to Fifty-eighth Street was made without a stop, in 
nineteen minutes. There had been no attempt to make special 
speed on the run because there was a regular train ahead, but it 
was made in three minutes less than the regular schedule time. 
The trip back was begun at 10:01 o’clock and completed at 10:27. 

A number of the passengers then visited the plant at 100 Green- 
wich Street, where the air is compressed for the use of the locomo- 
tive. A big steam engine operates two compressors, each of which 
consists of two water jacketed pumps. The first pump receives the 
air and squeezes it down to about 65 lbs. pressure to the inch, the 
next one reduces it to about 163 lbs., the third to about 750 lbs., and 

October 7, 1897. 


REPORTS OF EXPERIENCE WITH COMPRESSED AIR 

MOTORS ON ELEVATED AND STREET RAILWAYS. 

We are able to present to our readers this week 
several Interesting papers bearing on the much 
disputed question as to the economical results ob- 
tained with compressed air motors on street rail- 
ways. The first of -these Is a statement furnished 
to us by General Hermann Haupt, Consulting En- 
gineer of the American Air Power Oo., and -the 
others are reports made to the Commissioners of 
the District of Columbia -by engineers employed by 
them to report upon the system of traction which 
should be adopted upon the street railway lines of 
Washington. As our readers may recall, the street 
railway lines in Washington, like those on Manhat- 
tan Island, are unable to secure the assent of the 
local authorities to the use of the overhead trolley 
system. They are, therefore, practically compelled 
to choose between compressed air motors and an 
underground electric system, and their choice must 
be approved by the District Commissioners. The 
Eckington & Soldiers’ Home and Belt Line rail- 
ways, of Washington, have applied to the Commis- 
sioners for permission to adopt compressed air 
motors, and the Commissioners, before granting 
their approval, desire to satisfy themselves that 
this system will give a safe and reliable service, 
and that Its economy Is such as to enable the com- 
panies to conduct their business at a fair profit. 
It Is recognized that the city has an interest In 
having its street railways operated by a responsi- 
ble and solvent corporation, and that anything 
which might tend to delay the return to solvency 
of the .companies whose application Is under con- 
sideration would be objectionable. 

We are -indebted -to the courtesy of Capt. W. M. 
Black, Engineer Commissioner of the District of 
Columbia, for the official reports which are here 
presented: 

Statement by Gen. Hermann Haupt. 

To the Editor of the Engineering News. 

Sir: Requests have been Bent to the writer for informa- 
tion in regard to the exact results of the tests made on the 
Manhattan Elevated Ry. with the compressed air motor. 


the last to nearly 3000 lbs. Water circulates about each cylinder to 
carry off the heat and the passage of the air is from one cylinder to 
another through a coil of submerged pipe for the same purpose. 

The air is finally forced into a stack of steel tubes, which are 
arranged in four sets. From these it passes in a pipe to the water 
station on the elevated road near Rector Street. When the engine 
is to be charged a connection is made with this pipe and the air 
passes into another stack of steel tubes concealed in the boiler like 
jacket, which receive it at a pressure of 2500 lbs. to the inch. A 
charge which will run a train to Fifty-eighth Street and back can 
be taken on in the same time it usually takes to receive the water 
for a trip. 

When the air is being used it passes out through cylinders 
exactly like those for steam, except that special valves are used to 
control it. Between the tubes which hold the charge and these 
cylinders are the peculiar features of the Hardie system. A reduc- 
ing valve delivers the highly compressed air into a receiving tank 
in the cab at a much lower pressure, and then it passes through a 
tank of hot water, which returns to the air some of the heat which 
it lost in being compressed, and also gives back to it the water 
vapor which it also lost in that operation. It is this feature which, 
Mr. Hardie claims, makes his motor commercially economical in 
working. 

It is intended that the motor shall be placed in regular service 
upon the road to test the actual economy of its operation, but no 
announcement has been made as to when this will be done. 


engineering news. 


As these tests have developed the possibility of soms Im- 
provements tn details, it was not considered expedient 
to publish statements that might give erroneous Impres- 
sions in regard to the full efficiency of the system. The 
steam locomotlvo of the present day is the result of more 
than half a century of development and improvement, and 
It woujd have been most unreasonable to expect that the 
air motor for elevated roads, Involving the use of so 
many new inventions and novel mechanical expedients, 
should In its early trials be found so perfect in all Its 
details that no Improvement could be found possible. 
Such a result would have been unprecedented In a me- 
chanical construction of this character, but as reports 
have been circulated that the motor failed to fulfil re- 
quirements In a test to which It was subjected, it seems 
to be desirable that the facts should be given. So far 
from failure, the test demonstrated a most gratifying 
success for the system Itself, but Indicated the necessity 
of some slight changes in the details, the two most essen- 
tial being an Increase In the diameter of a %-ln. pipe 
leading to the motor cylinders, and the other, a change 
In the valve, which was found to be’ovorbalanced, In con- 
sequence of which It lifted under pressure and allowed a 
considerable waste of air. 

To give your readers an intelligible presentation of the 
subject. It Is necessary to give a brief history of ths 
Hardie motor of 1S81: This motor was constructed at 
the Baldwin Locomotive Works In Philadelphia and was 
placed on the track of the Second Ave. Elevated R. R. at 
Harlem. The reservoirs were of riveted boiler Iron, 
capuble of sustaining a pressure of 600 lbs. per sq. in., 
and the reservoir capacity was 400 cu, ft. The motor 
cylinders were 12% x 18 Ins, The driving wheels were 42 
Ins. In diameter. The weight at the shop was 30,350 
lbs., which was subsequently Increased 2,500 lbs., mak- 
ing the total weight on the track 41,850 lbs. The pres- 
sure ^t starting at Harlem was 600 lbs.; at finish at 
South Ferry, 105 lbs.; consumption, 12,675 cu. ft. of free 
air, equivalent to 1,401 cu. ft. per mile, the distance run 
being 8% miles. 

The train consisted of four cars, and the total weight of 
the train wa^ 81 tons. The train ran from Harlem to 
South Ferry In exact schedule time, making all the stops. 
There were present the Chief Engineer, Master Mechanic, 
and most of the officers of the road. The Engineer was 
taken from one of the regular steam locomotives. The 
test was a perfect success, and written certificates were 
given by all the officers present. Col, Haln, It Is said, 
dei lined to give a certificate to Mr. Hardie In regard to the 
test, as he did not wish at that time to excite the publlo 
by any publication of the facts. 



One of the strongest certificates was given by the en- 
gineer who ran the motor. He was delighted with Its per- 
formance and declared that he had ijelther water nor fire 
to lock after, and his view of the track was unobstructed 
by steam or smoke. There was sufficient reserve of air 
after the trtp to run the motor light back to the engine 
house. Notwithstanding this successful test, the com- 
pany was not ready to adopt compressed air and make a 
radical change In the equipment. 

Mr. Hardla was Boon after appointed Superintendent of 
the Rome Locomotive Works, and the writer. General 
Manager of the Northern Pacific K. R. The world wa* 
not yet ready for compressed air and no further efforts 
were made until 1892, when they were resumed, and the 
motors that have so successfully operated for a year on 
125th St. are in part the result of these efforts. 

In designing the motor for the elevated railroad of 
1897, the results of former tests furnished the only 
available data from which to proportion the parts. The 
coi dltions presented were onerous In the extreme. The 
weight of the motor was limited to 47,000 lbs. and the 
weight of the train increased from 81 to 130 tons. 

If the consumption of air be assumed* sb In proportion 
to the weight of the train, the required amount of air per 
mile, based on the results of 1881, would be 2,393 cu. ft. 
for a train of 130 tons; but a more accurate mode of es- 
timating the volume of air would be to assume that it 
should be in proportion to the resistance to traction of 
the train, the motor requiring more power in proportion 
to weight than the cars. Assuming the resistance of the 
motor to be 40 lbs. per ton, for a weight of 23V£ tons, 
and the car resistance 10 lbs. per ton for a weight of 
105 Vj tons, t raln of 1881 required 1,410 lbs. average 
traction and the train of 1897 would require 2,065 lbs. 
traction and 2,140 cu. ft. of air per mile, which, to allow 
a margin of safety, was assumed to be 2,400 cu. ft. 

During the night of Sept. 1 the air motor was subjected 
to a very Beyere test in competition with a Bteam loco- 
motive of somewhat heavier weight, which had been put 
in thorough repair. A train was made up of five cars and 
extra load was put upon the cars to represent 100 pas- 
sengers per car. The seating capacity Is only 48. Tha 
train was hauled successively each way by the Bteam 
motor and the air motor, stopping a prescribed length of 
time at each station. It was reported by an expert from 
Stevens Institute who was present that the steam motor, 
said to be 2,000 lbs. heavier, was taxed to Us utmost 
capacity, that it did not reduce its speed to six miles per 
hour, as prescribed on a curve, and that It thereby ac- 
quired momentum to aid In ascending a grade at the end, 
also that the fires were urged to the highest degree pos- 
sible, a stream of sparks flying from the stack; notwith- 
standing these efforts the steam motor could not make 
schedule time. 

The air motor stood the test without sticking fast. Its 
speed was kept down to the prescribed 6 miles per hour 
upon the curves. It lost more time than the steam motor 
during the entire run, being 8*4 minutes behind Schedule 
time in going up and 6 1-10 minutes In returning and 
the consumption of air was largely In excess of the 2,400 
cu. ft. estimated. 

In discussing this result with Mr. Hardie, It appeared 
that the failure to make schedule time was due to in- 
sufficient diameter of the air pipe leading to the cylinder. 
In the motors operated on 125th St. the acceleration was 
as quick as could be desired, and, based on this experience, 
It was supposed that a %-ln. pipe for the elevated motor 
would be sufficient. It proved, however, to be not quite 
large enough. Of course It will bo a very simple matter 
to substitute a larger pipe, and It should need no demon- 
stration to convince any person of ordinary Intelligence 
that the acceleration of an air motor can be much quicker 
than with a motor operated by steam. The pressure upon 
the piston of a steam motor is limited by the pressure of 
steam in the boiler, while In the Hardie motor the pres- 
sure can be instantly increased to 200 lbs. or more, If de- 
sired. The failure to make schedule time, therefore, does 
not Indicate any defect'in the system but only in a very 
simple detail which can be readily corrected. 

As this motor had to be designed without a knowledge 
of the exact testa to which it would be subjec.ed. o 
conditions to be fulfilled, it would have been a success 
beyond precedent if In these first trials no defects had 


been perceptible and no improvements found possible. So 
far from failure, the tests should be considered as dem- 
onstrating the complete success of compressed air as a 
system, for the defects are easily remedied. 

Although the capacity for storage of the motor Is lim- 
ited to about 9 or 10 miles with a maximum train, the 
air system allows an indefinite extension by placing res- 
ervoirs under the passenger cars. 

The officers and directors of the Manhattan R. R. ex- 
hibit a commendable prudence in requiring actual dem- 
onstration before any change of system will be authorized. 

If steam is to be superseded the choice must be between 
compressed air and electricity, and the proper test would 
be to require estimates for & full Installation of such a 
line a8 the Third Ave. with maximum trains of 130 tons 
at intervals of 1 minute, and a guarantee from responsible 

parties that the line shall be Installed and operated 

the estimated limits of cost. 

The third rail system appears to give satisfactory re- 
sults on one of the suburban lines of the New Haven 
Railroad, but its capacity 1 b limited and the limit of 
its capacity on that road has been nearly reached. 

It would require many rails to transmit the current that 
would be required for the Third Avenue elevated R. R. 

With Independent motors, either steam or air, the re- 
sults obtained from one motor can be depended upon for 
& thousand, and no outside construction, as in electricity, 
must be established and maintained with the constant 
menace to life, when, for economy In the weight of copper 
very high voltages are employed. 

Comparative Estimates of Cost. 

The data are not available for a full detailed estimate 
of the cost of plants and operation of the elevated roads 
of New York with steam, compressed air, and electricity, 
but they are sufficient to indicate a decided economy in 
the use of compressed air. 

From the annual reports of the Manhattan Ry. Co., It 
is found that the number* of locomotives is 335; the train 
miles per annum, 9,170,940; the cost of fuel, $900,022; 
repairs, $202,947; and the costs per train mile are: fuel, 
9.8 cts. ; repairs, 2 cts. ; water, 1.17 cts. 

The cost of compressed air Is given In the published 
statements of the American Air Power Co. ag 3 cts. per 

1.000 cu. ft. of free air compressed to 2,000 lbs. per sq. 
In., Including maintenance, labor, fuel, and interest on 
cost of compressor station. 

The average quantity of air consumed per train mile 
has been stated to be in proportion to the resistance to 
be overcome; a light train requiring less than a heavy one. 
It has been shown on the basis of the tests of 1881 that 
with an air motor in efficient condition the consumption 
of air for a maximum train of five cars, on the Second 
Avenue road, or on one of equivalent resistance, should 
not exceed 2.400 cu. ft. per mile. This estimate allowed 100 
passengers per car or 500 to the train, but as the maxi- 
mum number was carried only during a short period, 
morning and evening, the average weight of trains must 
have been less, and It Is the average and not the maximum 
that determines the volume and the cost of the air re- 
quired for operation. 

It is probable, therefore, that less than 2,000 ft. should 
be considered a full average, but to avoid any question, 
the maximum of 2,400 cu. ft. will be allowed for all the 
trains, which will give for fuel and expense of power sta- 
tion, 7.2 cts. per train mile, saving 2.6 cts. as compared 
with steam. 

The repairs of locomotives cost 3.2 cts. per train mile, 
but as there are no boilers or fireboxes on air motors, the 
repairs of which constitute the chief expenses, at least a 
cent and a half should be saved. The saving In water for 
steam may be estimated at % ct. per mile. The aggre- 
gate of these three items is 4.85 cts. per train mile, or on 

9.275.000 miles = $440,837 per annum. 

In a comparison with electricity the difference would be 
much greater in favor of compressed air. In an estimate 
made by the writer, some years ago, on the lines of the 
ordinary trolley installation, maximum transmission of 
currents five miles and 500 volts at motors, the cost of a 
full electrical installation for trains of 130 tons at the 
one minute headway wag found to be nearly four times as 
great as the equivalent with compressed air. This esti- 
mate was submitted to electrical experts for revision. 
Conceding that economics have been secured by recent 



Improvements with excessively high voltage transmission, 
it is not and cannot be claimed that one-half the cost can 
be saved, and If it were, the electric plant would still cost 
twice as mu-ch as with compressed air. 

As an Illustration of the difference In cost of plant 
between compressed air and electricity In ordinary street 
car service, it may <bo stated that proposals having been 
Invited for the equipment of the Ecklngton Road in Wash- 
ington, D. C., the following proposals were submitted: 

By American Air Power Co., compressed air.... $.'100,000 

By Hoadley & Knight, compressed air 508,000 

By General Electric Co., underground electric.. 1,705.105 
By Westinghouse Co., underground electric.. .. 2,208,500 

The air motors of the American Air Power Co., ran for 
a year on 125th St., to regular schedule, without the loss 
of a trip In all conditions of weather, and continued In 
full service when the cable and underground electric lines 
were blocked. The cost of plant and of operation with 
a full equipment of 304 cars was demonstrated from the 
daily records to have been less than with an overhead 
trolley (see reports in "Compressed Air” of March, 1807). 
The repairs of motors were covered by V< ct. per mile, 
notwithstanding the fact that no efforts were made to pro- 
tect the motor machinery from dust. 

With the data obtained from the operations on the 125th 
St. road, It Is a very simple problem for any Intelligent 
engineer to estimate the size of cylinders and the con- 
sumption of air on any other line to fulfil any required 
conditions and overcome any increased resistances; any 
grade within the power of a steam locomotive can be 
ascended with an air motor of equal weight. It Is ab- 
surd to assume that the experimental stage has not been 
passed and that a year of trial must be demanded on every 
new road upon which it is proposed to introduce com- 
pressed air. 

Herman Haupt. 

Consulting Engineer General Compressed Air Co. 


Report by Edward G . Emack. 

To the Engineer Commissioner of the District of Co- 
lumbia. 

Sir: In compliance with your instructions with refer- 
ence to the proposed adoption of the "Hoadley-Knlght” 
System of Compressed Air Propulsion on the Eckington 
and Soldiers’ Home and Belt Railways of this city, I beg 
leave to submit the following report: 

(A description of the routes and grades of these 
railways Is given, which we omit. — Ed.) 

Weights of Motor Cars. 

The weight of the air-motor car In use on the Ecklng- 
ton Railway Is given by the officials of the company at 
15,100 lbs., though Mr. McFarland states that he was In- 
formed by representatives of the Compressed Air Co. that 
the motor weighed about 20,000 lbs., and that It was billed 
by the railroad company at the time of shipment from 
New York city here as weighing 22,000 lbs. 

The weight of the electric motor-cars on the Metropoli- 
tan R. R. of this city Is estimated by the officials of that 
company from 15,000 to 16,000 lbs. 

Since the spring of 1897 the officials of the above-named 
railways have been conducting experiments in compressed 
air propulsion under the above system, and claim to have 
obtained satisfactory results from the beginning. 

During the past two months there has been received 
at the office of the Commissioners a number of protests 
from patrons and residents of the vicinities of said rail- 
ways against the issuance of permits for their operation 
by compressed air as a motive power, citing as objections 
to such system Its rejection In New York city after a 
thorough test, the disagreeable odor and heat from the 
fire-pot and stove-pipe passing through the car, the cloud 
of dust entering the car through the rear door and win- 
dows in dry weather, the oscillation and vibration of the 
car due to Its great weight and working of machinery, 
the liability of the air-tubes or bottles to explode under 
the heavy pressure to which they are subjected, the noise 
of escaping air In starting and In ascending grades, and 
the inability of the car to make regular and uninterrupted 
trips over the various sections of the roads. 

On or about June 10, 1897, the Superintendent of the 
Water Department, Mr, W. A. McFarland, was detailed 
by the Commissioners to inspect personally the construc- 
tion and operation of the experimental cars in use on 
these lines, and to make a complete report thereon, which 


he submitted under date of June 24. 1897, supplemented 
by further reports on June 26 and 28. 1897. After giving 
a full description of the mechanism of the cars, Mr. Mc- 
Farland states that “car No. 91” was on regular service 
between the power house at 4th and T streets, northeast, 
and 15th and G streets, northwest, making four round 
trips per day. The heaviest grade on this route being a 
short one of 5.25% at the upper end of Ecklngton Place; 
the next in importance being a long 3% grade on New 
York avenue. The length of this run and return Is 5.4 
miles and includes 16 curves. 

On June 11 and 12 he reports four ordinary runs over 
this route (the motor-car being much impeded in Its pro- 
gress by the presence of horse-cars using the same tracks) 
in the average time of 4614 minutes, a rate of about seven 
miles per hour, Including stops averaging about one per 
minute. The car starting with an average pressure In 
the air bottles of 2,09214 lbs. per sq. In., and returning 
with an average reserve of 304 14 lbs. per sq. in. 

The compressed air is carried in seamless steel bottles 
under an Initial pressure of from 2,000 to 2,300 lbs. per 
sq. In., gage pressure, and Is fed through a reducing 
valve said to reduce the air pressure to about 200 lbs. 
per sq. In. on entering the high-pressure cylinders. 

On the 12th Instant the car was run over the Maryland 
and Washington track as far as the District line, where a 
probable speed of about 18 miles per hour was attained. 

Car No. 400 arrived on June 16, and the first test ruu 
made on the 18th. On the 18th this car left the power- 
house with 2,225 lbs. gage pressure and made the trip 
to 15th and G streets, northwest, and return, with a fall 
in pressure to 250 lbs. On the third run the longitudinal 
brace under the motor struck a high place In the cobble 
pavement, at Florida Avenue and Eckington Place, and 
the car stuck fast, necessitating the use of a trolley car 
to free her. 

On the 19th a run to Brookland and return was made; 
distance, 3 miles; maximum grade, 5%; fall In pressure, 
750 lbs. 

On the 21st a run was made from the power house to 
7th and B streets, northwest, in 21 minutes. This run 
Includes the most difficult grade (about 6%) on the whole 
system, on which are two sharp curves (viz.: on Cth 
Street and Louisiana Avenue, from C to 5th Street, north- 
west). 

In ascending this grade on the return trip a failure 
to control the car occurred, the details of which are 
given In Mr. McFarland’s report. It is proper to state In 
this connection, however, that Mr. McFarland, verbally, 
attributed this failure to the fact of the track at the head 
of the Louisiana Avenue grade being greasy prior to the 
test, and the car wheels becoming coated with grease in 
attempting to pass the curve slipped on the rails wheu 
the effort was made to descend for the purpose of secur- 
ing greater headway. 

Immediately after the above-named trouble the car 
went up the grade at a good speed and reached the power 
house with a reserve pressure of about 300 lbs. 

On the 23d two trips were made, from Eckington to 
15th and G streets, to Brookland, to Ecklngton, and from 
Ecklngton to Center Market, to Brookland. to Ecklngton, 
Starting with pressures of 2,300 and 2,250 lbs., running 
8% and 8 miles, and returning without Incident, with 
pressures of 150 and 200 lbs., respectively. No passengers 
carried. 

On the 25th this car, under full service conditions, 
carrying about 20 passengers, made the trip without diffi- 
culty from 4th and T streets, northeast, to Center Mar- 
ket, to Brookland, and return to 4th and T streets, mak- 
ing 37 full stops, including one in each direction on the 
heavy grade on Louisiana Avenue, between 5th and 6th 
streets. Starting with pressure of 2,050 lbs. and return- 
ing with 250 lbs. reserve, or sufficient for run of about 
three-quarters of a mile. Length of run, 8 miles. 

On the 27th the same car successfully made the trip 
from 4th and T streets, northeast, to Center Market, to 
entrance to Catholic University, ana return to 4th and 
T streets, carrying 46 passengers, in about 58 minutes; 
distance, about 7 miles. Pressure at starting, 2,000 lbs. 
Reserve at end of trip, 350 lbs., or sufficient for a run of 
about IVa miles. Made 34 full stops, Including one at 
Cth and C streets, and again on Louisiana Avenue on 
the return trip, when restarting was done without diffi- 
culty. 



Compressor Plant. 

The compressor used for experimental purposes Is a 
temporary affair answering fairly well for purposes In- 
tended. 

The general plan of power plant and conduits, as out- 
lined by Superintendent Todd, of the Ecklngton Road, 
consists of a central station near 10th and H streets, 
southwest. This location Is selected to permit the use 
of river water, and would necessitate the use of at least 
two lines of pipe — one to the vicinity of 7th and B 
streets, northwest, and one to 13th and D streets, north- 
east. 

In concluding the results of Mr. McFarland’s Investi- 
gation he finds the operation of the cars tested (Nos. 01 
and 400), in the main, entirely satisfactory 'and suitable 
to the purposes intended, though he suggests a few minor 
changes in the arrangement of machinery, such as a 
slight enlargement of the diameter of the cylinders, and 
a reduction of wheel-bases of the cars. 

The objectionable features of the fire-pot and stove-pipe 
in car No. 01 have been eliminated in car No. 400. The 
vibration of the car while in motion he does not consider 
serious, though the noise from exhaust air in starting 
and in ascending grades is quite noticeable. The danger 
of rupture of air bottles, while not impossible, Is Improb- 
able, and decreases proportionately with the distance from 
the charging point. The dust arising from the motion of 
the car is not appreciable. 

Regarding the advisability of granting permits for the 
equipment of these lines with air-motors of the Hoadley- 
Knight pattern, it has been admitted by various authori- 
ties, and notably in an interview with Gen. Herman 
Haupt, published In the New York “Sun” of March 28, 
1807, that this system was rejected in New York city In 
favor of the underground electric. It has not been tested 
on the various sections of the roads over which it is ex- 
pected to be operated. It has not been demonstrated that 
these cars would carry sufficient excess of power to en- 
able them to reach the charging point in case of loss 
through leakage or defective machinery, or to assist a 
disabled car to the power house. The length of time re- 
quired for recharging the reservoirs at the proposed 
charging points is not obtainable. It is also Btated, on 
fairly substantial grounds, that the people who are Inter- 
ested In these roads are also interested In this particular 
system of air-motors, and consequently desire its adop- 
tion. It seems proper that a schedule should be made 
public, and the cars run on such schedule for a period 
of several successive days. The fears of the public of 
danger from explosion of air reservoirs should be allayed 
by actual tests to the point of destruction, and results 
published. Has such a test been made of different sys- 
tems as would ordinarily be required under similar con- 
ditions by railroad men wishing to adopt a change in 
motive power? Are the advantages offered for the adop- 
tion of the Hoadley-Knlght system sufficient to warrant 
its selection in preference to others In view of the fol- 
lowing facts? 

In order to got the tracks of these lines in condition to 
render satisfactory service, and at the same time with- 
stand the 'heavy traffic incidental to the use of the air 
motors, I have prepared an approximate estimate of the 
cost of such repairs, amounting to $81,430. 

Under date of November 7, 1800, the president of the 
American Air Power Co., of New York city, submitted a 
proposition to equip the two roads in question with com- 
pressed-air motors of the Hardie system, consisting of 
60 cars, provided -with air-brakes, Plntsch gas appliances, 
Btorage capacity sufficient for a run of at least 10 miles, 
with a large reserve, capable of being operated at the rate 
of 10 to 12 miles per hour, together with a fully-equipped 
compressor and steam plant, exclusive of buildings, of 
sufficient capacity to run all the cars continuously, and 
to deliver the whole equipment ready for operation within 
six months of date of execution of contract, for $300,000. 
On the basis of 80 cars, however, the receiver has com- 
puted that their price would be $574,000, which would 
include an allowance of $30,000 for buildings and $12,000 
for pipe lines. 

To this amount, however, should be added the cost of 
track repairs as above ($81,430), making a total cost of 
equipment under the proposition of the American Air 
Power Co, $655,430. 


Concerning this system, the Hardie, it is claimed to have 
been In successful operation on 125th St., in New York, for 
the past nine months, in all weathers and conditions, 
without Interruption, and able to run when cables and 
underground trolleys were stalled by storm. Cost of 
operation is not obtainable, but Mr. Frank Richards, 
M. Am. Soc. M. E., in a letter published in the New York 
“Sun,” of May 10, 1807, states that “it can bo proven and 
guaranteed to bo lower than that of auy othor known sys- 
tem.” 

Under date of November 0, 1896, the President of the 
Compressed Air Co. submitted a proposition to equip 
these linos with the Hoadley-Knight system, consisting of 
80 complete car equipments (exclusive of car bodies). In- 
cluding Plntsch gas appliances, compressor and boiler 
plants (including building), storage reservoirs, pipe line, 
etc., complete, to be furnished within 12 months from 
execution of contract, for the sum of $508,000. 

To this also should be added the cost of track repairs 
($81,430), making the total cost of equipment under the 
proposition of the Compressed ^Air Co., $589,430. 

A combined proposition from the General Electric, the 
American Wheelock Engine Co., and E. Saxton, was sub- 
mitted for the equipment of the roads with an electric un- 
derground trolley system, similar to that in use by the 
Metropolitan Railroad Co., of this city, making the total 
cost for the equipment of the roads (according to the 
receiver’s report), $1,791,105. 

I have also prepared an approximate estimate of cost of 
equipping these lines with the same system as above, from 
data believed to be reliable, based on cost of the Metro- 
politan R. R., on the basis of 25.5 miles single track con- 
struction, 80 motor cars, 2 power stations, with complete 
equipments, including cables and all necessary adjuncts, 
etc., amounting to $1,443,000. 

The Westlnghouse Electric & Mfg. Co. also submitted a 
■proposition for equipping the roads with the Electro-Mag- 
netic system at a cost (according to the receiver’s report) 
of $2,075,036, to which is added the estimate of the Ameri- 
can Wheelock Engine Co. for steam equipment, amounting 
to $195,000. making the total cost of Electro-Magnetic sys- 
tem $2,270,036. 

Summary of Cost of Systems. 


American Air Power Co. (Hardie) $655,430 

Compressed Air Co. (Hoadley-Knight) 589,430 

Underground Electric (receiver’s estimate) 1,791,105 

" ** (private estimate) 1,443,000 

Electro-Magnetic (Westlnghouse) 2,270,036 


In the matter of the selection of the Hoadley-Knight 
system for experimental purposed by the receiver, it Is 
but fair to state that he claims to have been actuated by 
the fact of the act of Congress of June 10, requiring a 
test of compressed air propulsion be made, and that such* 
a test could be made under the proposition of the Com- 
pressed Air Co., for a period of 30 days, without any ex- 
pense whatever, other than the value of one car body, 
and without any obligation to adopt that system, such fa- 
vorable terms not having been submitted by any of the 
other concerns from whom proposals were invited. And 
also Its apparently successful and satisfactory operation 
on the Lenox Avenue line in New York city, and being 
particularly favorably Impressed with its simple and 
effective system of control. 

Regarding the comparative cost of operation of the com- 
pressed air and underground electric systems, It is diffi- 
cult to reach a definite conclusion owing to the former 
never having been operated other than in an experimental 
manner, so that no reliable data are obtainable; al- 
though, in a communication to the Commissioners from 
R. J. Mawhlnney et al. (No. 3397, Engineering Depart- 
ment), it Is Btated: “However, we understand that the 
expense of running one of these air motors (Hoadley- 
Knight) is about 14 cts. per mile, or the same as a cable 
car, while it costs but 9 cts. per mile for the underground 
electric.” In an interview with the President of the Met- 
ropolitan R’. R. Co of this city, he gives the operating ex- 
penses of their lines at about 9 cts. per car mile. These 
estimates, however, do not include the interest charges 
on the funded indebtedness connected with the different 
systems. 

From the reports of the Railroad Commissioners of the 
State of Massachusetts for the year 1896, I have selected 
five of the street railways, operated by electricity (over- 
head trolley system), having the nearest approach in mile- 
age of track operated to the Ecklngton and Belt lines, and 
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find the average cost of operation, per car mile, of these 
five lines to be about 14% cts. 

Assuming, therefore, for the sake of comparison, that 
If the Eckington and Belt lines were equipped with air 
motors they could be operated at a cost of 14 cts. per 
car mile. With an equipment of 80 cars, 70 of which 
would be In constant operation for 18 hours per day at 
the average rate of 7 miles per hour, at 14 cts. per car 
mile, the yearly cost of operation would be $450,702, 
against $295,737 for the underground electric system 
under similar conditions, at the rate of 9 cts. per car 
mile, or an annual difference In favor of the latter sys- 
tem of $154,905. 

Including the interest charges (7%) on cost of equipment 
under the Hardie, Hoadley-Knight and underground elec- 
tric systems, a comparative statement would be as fol- 
lows: 


Annual 

cost of operation. 

Hardie $450,702 

Hoadley-Knight .... 450.702 
Underg’nd Electric.. 295,737 


Annual 

Interest charges. Total. 
$45,880 $496,582 

41,260 491.962 

101,010 896,747 


The report of the Eckington road for 1896 shows 4,066,- 
039 passengers carried, and of the Belt road for 1895 
(report of the latter for 1896 not being available), 3,066,- 
731, making a total of 7,332.731 passengers carried an- 
nually by the two roads, which at the rate of 4.59 cts. 
per passenger (tho averaKO of the Metropolitan R. R. of 
this city), would make the annual gross receipts from pas- 
senger traffic amount to $327,392.35. This, however, does 
not allow for a large percentage of increase in traffic 
which would undoubtedly result from the Introduction of 
a rapid transit system on these lines. 

But from reports of the President of th* M 
Railroad for the month of June, 1896 and 1897 (under 
horse and electric power, respectively), the gross receipts 
show an increase of 85% on the Georgetown line, and 
70% on the Connecticut Ave. line. It would, therefore, 
seem reasonable to allow 50% Increase for these lines. 
On this basis the gross annual receipts would amount to 
$491,088.52. 

As to the advisability of the adoption of the Hoadley- 
Knight system of compressed-air propulsion In prefer- 
ence to the Hardie system, it is to be regretted that there 
are no data available showing very recent results of the 
experimental operation of the former in New York city. 
There are, however, a number of papers on file In the 
office of the Engineer Commissioner relative to the opera- 
tion of a locomotive on this system as witnessed by Cap- 
tain G. J. Fleberger, Corps of Engineers, U. S. A., on the 
tracks of the N. Y. Central R. R., at Rome, N. Y., Feb- 
ruary 21, 1895 (where a speed of about 18 miles per 
hour was maintained for a distance of 12 miles, and "not 
the slightest difficulty experienced In starting or stopping 
the car or regulating Its speed"). See also communica- 
tions of Gen. Herman Haupt (No. 4561) and Mr. Arthur 
W. Soper (No. 4926. enclosing copy of letter from the 
President ot the Third Ave. R. R. Co. in Now York city), 
all of which give most favorable reports of the operation 
of the Hardie Air Motor. 

Very respectfully, Edward G. Emack. 

Washington, D. C., July 16, 1897. 

We append to Mr. Emack ’ b report the following 
particulars of observations made by Mr. W. A. 
McFarland on cars of the Hoadley-Knight system, 
operated on the Eckington & Soldier’s Home Ry., 
which are referred 4o above: 


Tests of Car 91; Reservoir Capacity. 

1 — Pressure of air— i Cu. ft. of 


Date of 

Distance, 

In reservoir, lbs. 

free air 


miles. 

At start. 

At finish. 

per mile. 


. . . 5.4 

2,050 

300 

946 

June 11 


2,170 

250 

1,038 



2,000 

250 

946 

June 11 



2,150 

410 

887 

Car No. 400; 

Reservoir 

Capacity, About 37% 

Cu. Ft. 

June 18 

. . . 5.4 

2,225 

250 

927 

June 19 

3 



640 

Reservoir Capacity Increased to 44.2 Cu. 

Ft. 

June 23 

8.5 

2,300 

IDO 

700 

June 23 

8 

2,250 

200 

709 


Reservoir Capacity Increased to About 52 Cu. Ft. 

June 25 8 2,050 250 

June 27 7 2,000 350 


800 

834 


Notes: Each car has a seating capacity for 30 passen- 
gers and weighs about 20,000 lbs. Motors are compound; 
h.-p. cylinder, 3% x 6 ins.; l.-p. cylinder, 7x6 las.; 
gearing, 2 revolutions of motor shaft to one of oar axle; 
wheel-base, 8 ft.; wheels, 28 ins. diameter. 


Report of Capt. W. M. Black. 

To the Commissioners of the District of Columbia: 
Gentlemen: I have the -honor to submit the following re- 
port upon tho air motor system proposed to be adopted 
by the Eckington and Soldiers’ Home and Beit Line Rail- 
way Companies. 

The act approved June 10, 1896. requires the Commis- 
sioners to judge whether the compressed air motors ex- 
perimented with or adopted by the Eckington and Soldiers’ 
Horae and Belt Ry. Companies "prove to be In all respects 
a proper and satisfactory motive power for the Bpeedy and 
convenient propulsion of street cars." 

The problem presented to tho -Commissioners is most 
difficult in the absence of the exact data to bo obtained 
only from the experience of a line in regular operation. 
Claims, often unreasonable, are made for and against 
the system of air motor propulsion in general and the 
Hoadley-Knight system in particular. Under these cir- 
cumstances It is to be expected that whatever the con- 
clusion attained, the evidence presented will not be satis- 
factorily convincing. 

To meet the requirements of the act, the motors In ques- 
tion must be safe, comfortable, sure In operation, and 
adapted to the work. Attention Is Invited to the accom- 
panying reports of Assistant Engineers McFarland and 
Emack, which present details of groat Interest. From 
these reports the following deductions are made: 

Comfort. — The features which the proposed cars have In 
common with all of the ordinary forms of street-cars may 
be considered satisfactory. Those peculiar to the car arise 
from the motive power. Heat and fumes of combustion 
have been complained of in the first type of car used, and 
with reason. In the Becond type the substitution of hot 
water for the furnace, it is reported, has removed these 
defects. 

The noise produced by the machinery while in regular 
motion is not excessive. In starting and in ascending 
grades, the exhaust produces a puffing sound similar to 
that of a steam locomotive, but not loud enough to be 
seriously objectionable. The weight of the car is favora- 
ble to smooth riding, and the car vibration and pitching 
on the wheel-base in use (8 ft.) is not excessive. It should 
be noted, however, that this base is too long for the 
curves now in the lines and produces grinding and loss of 
power. It can be reduced, but if reduced may increase 
the pitching motion of the car. The dust thrown up by 
the exhaust has also been complained of, but apparently 
with slight cause, and this can be remedied easily. 

A most important factor in the comfort of passengers 
is a solid track. The present tracks of the Eckington 
and Belt Railways were not designed for motors as heavy 
a3 the air motor, and probaibly would require considerable 
reconstruction before -being fit for the proposed use. It 
may be added that a rigid track is necessary also to pre- 
serve the pavements adjacent. 

Safety.— This comprises safety to passengers and safety 
to passers-by. The compressed air which provides the 
power is carried in from 31 to 37 seamless steel Mannes- 
manu tubes, called bottles, with a capacity of 1.2 cu. ft. 
each, said to be tested to a pressure of 6,000 lbs. per sq. 
in. They are charged with air under an Initial pressure 
of 2,000 to 2,300 lbs. per sq. in. This pressure Is dimin- 
ished as the run Is made. The initial pressure is approxi- 
mately equal to that caused by the complete combustion 
of about 4.5 lbs. of pebble powder per bottle. An explo- 
sion is possible, -but not probable under normal condi- 
tions, and, barring accidents, the cars may be considered 
to be reasonably safe to the passengers. The risk of acci- 
dent is not greater than on a steam motor. The ma- 
chinery is easily controlled and the danger of foreseen 
collision is as slight as with an electric motor. In this 
respect the air motor must be considered safer than the 
cable car. The effect on horses of the puffing of tho car 
on grades cannot be foretold. It might easily startle a 
nervous horse. 

Certainty of Operation. — The compressor machinery at 
the power station is liable to the same accidents as are 
common to all heavy machines, and like all machines 
from which a continuous amount of work is essential, 
must be partially duplicated at each station to secure the 
line from stoppages and delays due to breakdowns. When 
this precaution Is taken and a proper reserve reservoir for 
air provided, there Is no reason why there should bo a 
stoppage of operation due to a failure of air supply. 

Should the attempt be made to make substations for 
recharging, at which reservoirs are supplied through pipes 
from a main Btatlon, success becomes much more problem- 
atical. It has proved to be impossible to make gas mains 



under & pressure of less than 20 lbs. per sq. In. absolutely 
tight. It Is very doubtful If long mains could be laid and 
maintained under the streets In such manner as to conduct 
air under the pressures proposed (2,000 lbs. and over) 
without so much leakage as to render the scheme commer- 
cially impracticable. The motor machinery on the cars is 
quite similar to that of a steam motor and may be consid- 
ered as being well adapted to the end in view, if the pro- 
pelling power (air) can be controlled to the same extent as 
steam. This remains to be proved. 

In any system, occasional complete breakdowns of ma- 
chinery are expected. Iivall other systems there Is a suffi- 
cient reserve power In each motor to tow a disabled 
motor -from any point on the route back to the power 
house. Mr. McFarland’s tests show that the reserve of 
air In the motors in question is too small to provide for 
this contingency with certainty. 

Fitness for the Work.— This includes the question of 
speed, power to overcome grades, curves, etc., convenience 
of location of power plant, and economic suitability. The 
first two requisites can be met if the motors can be sup- 
plied with air in quantity and at pressures sufficient for 
the work. The tests show that, a -car In working order, 
supplied with sufficient air at a proper pressure, can carry 
the required load up the worst grades on the road, and 
can attain the requisite speed. 

It has not been shown, 'however, that trailers can be 
used with these motors. As traffic increases trailers play 
a most Important part In the reduction of operating ex- 
penses, and in fact may be considered a necessity, espe- 
cially where unusual transportation demands must be 
met on special occasions. 

The air motor system seems the least flexible of sys- 
tems as to the arrangement of Its power plant. The 
shortness of possible run requires recharging stations at 
points on the line which cannot be changed to any ma- 
terial extent. The companies now propose either to es- 
tablish three power plant houses or to establish one main 
power house with two substations supplied with air from 
the main Btatlon through pipes laid under the streets, but 
each having a reheating plant. Neither alternative Is ad- 
vantageous to the city. The latter is by far the more ob- 
jectionable besides being of doubtful practicability. 

There remains the economic problem. There are 31 mlleg 
of tracks In the combined systems. For a portion of the 
routes they pass through the busiest parts of the city. No 
system should be Introduced which does not give a sure 
promise of commercial success. The needs of the district 
are too great to permit the risk of commercial failure 
and of the consequent breakdown of the adopted system. 
The use of compressed air as a motive power Is not new. 
The real problem Involved In Its application to street cars 
Is how to store asupply sufficient for a prolonged run 
without recharging. Given a supply of air under pressure 
the main loss of energy in Its use, in a well designed ma- 
chine, arises from the cold of expansion and leakage, and 
these causes of loss become greater as the pressure under 
which the air is stored and used is increased. Ordinarily 
air for running machinery Is delivered at pressures of less 
than 100 lbs. per sq. in. In the motors In question in or- 
is how to store a supply sufficient for a prolonged run 
reservoirs are charged with air at a pressure of more than 
2,000 lbs. per sq. in. From these the air passes through 
a valve designed to reduce the pressure to 200 lbs. and 
thence it goes to the machinery, being reheated in order 
to increase its expansive power. It Is the necessity for 
these great pressures that make the motors to a large de- 
gree experimental, and this Is proved by the very great 
air consumption per mile, as detailed In Mr. McFarland’s 
report If this leakage and loss Is so great with new ma- 
chinery, run under the condition of a trial trip, what will 
it be when the valves and packing become worn? No data 
are presented, and ncme could be obtained In the tests pos- 
sible to make, to Bhow what would be the effects of wear, 
nor how much repair is required. 

Mr. McFarland's report shows that the air motor sys- 
tem proposed Is not economical as a machine. The av- 
erage horse-power required to be developed per car from 
the approximate estimate he makes (the only estimate 
possible with the information attainable) Is from about 
43.7 to 44.4. The average horse-power per car to be de- 
veloped In an electric line varies from 20 to 25. This 
would show In part the reason why the operating ex- 
penses per car mile should be relatively 14 cts. and 0 cts. 
for the two classes of motors, as mentioned in Mr. 
Emack’s report. 


To keep a road solvent the earnings must be sufficient 
to meet the operating expenses plus the Interest on the 
bonded Indebtedness. Thus, In two systems a cheap plant 
with large operating expenses may be less economical 
than a more expensive plant with small operating ex- 
penses. 

Taking Mr. Emack’s figures of the cost of equipping the 
roads with the air motor system and with the underground 
electric system, respectively, we have the following: 

Cost of Int. Operating 
equipment, at 7%. expenses. Total. 

Air motor $589,430 $41,200 $450,702 $491,902 

Underg'nd electric.. 1,443,000 101,010 295,737 390,747 

Difference in favor of underground electric system, 
$95,215. 

The above figures are not claimed to be accurate. Ac- 
curate figures are not attainable. 

In conclusion, it would seem that the air motor system 
possesses many good qualities, but t-hat as yet It is ex- 
perimental. Doing experimental, good policy would seem 
to forbid its Installation on so large a scale as the equip- 
ment of the Ecklngton and Soldiers’ Home and Belt Rail- 
ways would require. 

The system may bo “In all respects a proper and satis- 
factory motive power for the speedy and convenient pro- 
pulsion of street cars,” but satisfactory evidence that It 
is has not yet been presented. Very respectfully, 

W. M. Black, 

Captain Corps of Engineers, U. S. A., Engineer Commis- 
sioner, District of Columbia. 

Washington, July 17, 1897. 

Report of W. A. McFarland. 

To the Engineer Commissioner, D. C.: 

Sir: In accordance with verbal Instructions, I have the 
honor to submit the following report on my Inspection of 
the compressed air motor cars now In use by the Metro- 
politan Street Ry. Co., of New York city, and also of those 
formerly used on the 125th St. line. 

At the time of my visit, August 19, 20 and 21. there 
were two compressed a!r cars, fitted with the Hoadley- 
Knlght compound motors, on regular day service between 
Lenox Ave. and 140th St., and 100th St. and Columbus 
Ave. : the route followed being Lenox Ave. to 116th St., to 
Manhattan Ave., to 109th St., to Columbus Ave. 

These cars and motors are the same In all essential 
respects as the “No. 400“ now in use in this city; they 
are run In between the “underground electrics” with which 
the line Is equipped. The total length of run out and hack 
Is said to bo five miles, with a maximum grade of 7%% 
on 109th St. and a grade of about 3% on Manhattan Ave. 
Time occupied in making round trip 36 to 40 minutes; 
time for re-charging with air, 2 minutes; for re-hcatlng 
water in heater. 10 minutes (the pipe used for Introducing 
the steam for re-heating is small, and Is said to be a tem- 
porary arrangement only; the time needed for re-heating 
can, without doubt, be much reduced by a. re-arrange- 
ment in this particular). Each of the two cars In use 
makes about a dozen round trips per day, and during the 
time of my observation carried passengers, made * the 
usual number of stops, maintained speed without diffi- 
culty, and climbed the steep grade on 109th St. at a 
rather better rate than did the electric cars. The pas- 
senger traffic was light and the weather favorable. The 
only point which seemed open to criticism from the pas- 
senger’s point of view, was the puffing sound from the 
exhaust, which was quite noticeable In starting and In 
climbing grades, but which could not be heard when under 
headway on a comparatively level track. 

The following statement, showing the fall of air pres- 
sure on each of the two cars inspected, Indicates pos- 
sible length of run under existing conditions: 

Pressure In pounds. Car. No. 411. Car No. 426. 

Initial 2.500 2 406 

At end of 2 % miles 1,650 L850 

At end of 5 miles 1,300 1 0° 5 

Tofal loss 1.200 1*500 

Reserve 1,300 ’900 

Greatest possible run, miles 10 13 

The difference In fall of pressure on the two cars is due 
to the greater reservoir capacity of 426. 

In addition to the two cars at present in use there are 
three others in the shop at 146th St., intended for tills 
service, two of them being already equipped with the 
Hoadley-Knlght motors. 



Plpl n g._There Is a line of extra heavy 1-ln. Iron pipe 
laid In the electric conduit along the above-named route, 
for re-charging the cars at the southern end of the line, 

If necessary. This pipe line was not under pressure at the 
time of my visit, and I was informed that It had not been 
during the past summer. There Is, however, about the 
power house at 146th St. a considerable amount of 1-ln. 
and 114 -in. pipe under a pressure (gage) of 2,600 lbs. per 
eq. in. An Inspection of some four or five hundred feet of 
this piping failed to disclose any evidence of leaky joints. 

I was assured by several employees about the station that 
no trouble from leaks had been experienced. The pipe 
used Is said to be ordinary commercial “extra heavy’' 
iron pipe, and is connected up with “tight Joint’’ fittings. 

The street cars fitted with Hardie compressed air motors, 
which were formerly used on 125th St., have been with- 
drawn from service and at the time of ray visit were in 
the car barn on 125th St. 

These motors are simple {not compound) with Inside 
cylinders and outside cranks, the connection between main 
connecting rods and crank pins being through the medium 
of rocker arms and rock Bhaft. All working parts are 
close to the roadbed and exposed to dust and dirt; there 
are said to be over a hundred wearing parts so exposed, 
each requiring separate lubrication. 

Mr. Hardie, the inventor of the motor, operated one of 
the cars for a short distance back and forth on the track 
in the car barn, and demonstrated the fact that the motor 
and car were under excellent control. The cylinders are 
7 x 14 ins. The cars are shorter and lighter than those 
fitted with the Hoadley-Knight motors and used by the 
Metropolitan Street Ry. Co. The line on which the cars 
were used is practically level except for one short steep 
grade; length of round trip, 414 miles. 

Tho following claims are made for these cars by the 
American Compressed Air Power Co.: A mileage of over 
•10,000 with practically no breakdowns and with a cost 
for maintenence of only ^4-ct. per car mile. A consump- 
tion of from 369 to 490 cu. ft. of free air per mile. That 
cars ran during heavy snow and sleet storms, when other 
surface lines were tied up. with an Increased air con- 
sumption of only 20%, and an Increase of 20% in number 
of passengers carried. 

A hasty inspection was also made of the Hardie locomo- 
tive now being tested on the Manhattan Elevated Ry., 
and of the compressor plant on Greenwich St., used In 
connection therewith. 

From this plant to the Rector St. station is a pipe line 
about 750 ft. in length, and 2.7 in&. Internal diameter, 
used for conveying air from the compressors to the loco- 
motive; this line was under a pressure of 180 atmo- 
spheres. or about 2,700 lbs. per sq. in., and showed no 
signs of leakage; the line is suspended from the elevated 
structure, and is everywhere In sight; it also is connected 
with the tight Joint fittings mentioned above. 

It is claimed by Mr. Pettee, engineer of the American 
Compressed Air Power Co., that the cost of compressing 
1,000 cu. ft. of free air to 2,300 lbs. gage pressure at this 
plant Is 2.75 cts. 

I enclose herewith newspaper clippings giving account 
of test of Hardie locomotive used on elevated road. Mr. 
Petteo Btates that the free air per mile consumed on this 
run was 1,900 cu. ft. 

On my return to Washington a few tests were made to 
determine the amount of trailer load motor car No. 400 
was capable of hauling. The following is a synopsis of 
these tests: 

Aug. 24. Air Car No. 400, Electric Motor Car No. 23 as 
Trailer. 


We ,l ght ?. f a , ,r ? a , r 8tatel1 as 20,000 lbs. 

electric motor car 15,000 “ 

Weight of train 35,000 lbs. 


Route.— Power house to Brookland, to cut, and Florida 
Ave. to power house. 


Power house 

Brookland, 4:00 p. m 

4th and T Sts., 4.07 p. m 

Cut and Florida Ave., 4:12 p. m. 

Power house, 4:17:30 p. m 

Distance run 

Free air per mile 

Air car No. 400, weight 

Trailer, weight 


Pressure 2.400 lbs. 

“ 1,625 “ 

1,250 “ 
" 1,050 “ 

750 “ 

4.3 miles. 

1,360 cu. ft. 

20,000 lbs. 

6,500 “ 


Weight of train 


26,500 lbs. 


Route, same as above. 


Pressure at start 1,800 lbs. 

Pressure at finish ‘550 «« ’ 

Distance 4.3 miles 

Free air per mile 1,030 cu. ft. 

Speed, per hour (mean) 10 miles. 


On Aug. 25, car No. 400 hauled two electric motor cars, 
Nos. 5 and 23, from the power house at 4th and T Sts., 
N. E., to “cut” and Florida Ave. and return. Time, 11 
mins.; distance 1.5 miles; maximum grade, 5%. Subse- 
quently three box trailers were added to the train and 
hauled from 4th and T Sts. to 4th St. and Bunker Hill 
road and return. Time, 17 mins.; distance, 3.0 miles* 
maximum grade, 4%%. 

On Aug. 26 a train of eight cars, consisting of air 
motor No. 400, electric- motors Nos. 5 and 23, and five 
box trailers, was hauled over tho same route at a fair 
rate of speed. Total weight of train stated as 82,000 lbs. 

Several trials show that tho maximum speed of the air 
motor car, running light, is considerably In excess of that 
of the electric trolley oars on the same route; these speed 
trials were made in running up the grade on 4th St., 
N. E., from Albany St. to the top of the hill, maximum 
grade 414%. 


Very respectfully, your obedient servant, 

W. A. McFarland. 

Washington, D. C., Aug. 24, 1897. 


ENGINEERING NEWS. 


October 7, 1897. 


THE COMPARATIVE ECONOMY OF COMPRESSED AIR 
AND ELECTRIC TRACTION. 

The series of papers printed elsewhere In this 
issue concerning- tlhe use of compressed air for the 
motive power of elevated and etreet railways fur- 
nishes some data which may be useful in -the dis- 
cussion of the question whether or not compressed 
air offers enough advantages over electricity to 
warrant its extensive adoption for urban railway 
traction. 

Gen. Haupt’s letter presents some figures show- 
ing the cost of steam locomotive traction on the 
Manhattan Ry., In New York city, which may be 
accepted without further argument as showing the 
superiority of compressed air to steam for motive 
power on such a railway. Steam locomotives need 
no longer -be considered as In competition with 
either air or electricity. iThelr high cost for fuel, 
water and repair®, together with the nuisance they 
maintain In the streets of a city, put them out of 
the race. The question now Is not between steam 
and air, but between air and electricity. 

We agree with Gen. Haupt’s statement that the 
data are not available for a full detailed estimate 
of the cost of plants and operation of the elevated 
railways of New York with steam, compressed air 
and electricity, but we are not yet prepared to 
agree with his further statements that the data 
are sufficient to Indicate a decided economy In 
the use of compressed air as compared with elec- 
tricity. The case for compressed air remains to 
be proven, and more data than are yet available 
must be procured before the proof oan be made. 

The first question that arises concerning the re- 
lative merits of compressed air and electric trac- 
tion Is the relative cost of fuel, or what practically 
amounts to the same thing, the relative efficien- 
cies of the two motive powers. In both systems 
we begin at the coal pile, and -waste a certain 
amount of the heat energy in raising steam and In 
using it In steam engines. In -both systems the 
cheapest fuel may be used. The kind of boilers 



79 


and engines may be the same, the location of the 
central station at a point where fuel and ashes 
may be cheaply handled may also be the same, 
and the Indicated horse power In the steam en- 
gines may be obtained at the same cost, or per- 
haps slightly less with the compressed air system, 
since the momentary variations of load upon the 
engine are much smaller. But In the transforma- 
tions of energy which occur between the engine 
cylinder and the car axle, the efficiencies of the 
several parts of the apparatus of the two systems 
vary considerably, and more experimental data 
than are yet available are needed before an ac- 
curate comparison of efficiencies can be made. 

In regard to the efficiency of compressed air the 
following computation has been furnished us by 
Gen. Haupt: 

Efficiency of Compression to 2,000 lbs. per sq. In. and Re- 
duction to 100 lba. per Bq. In. In Air Motor. 

HP. 

To compress 1 ft. free air per min. to 2,000 lbs. per 


sq. in. requires 0.40 

To compress 1 ft. free air per min. to 100 lbs. per sq. 

In. requires 0.17 


Loss in wire-drawing 0.23 

0.17 -+- 0.4 ■= 42.5% utilized; 0.23-1-4— 57.5% lost. 

Efficiency of compression 80% 

Utilized of this 42.5% 

Net efficiency, .425 x .80 = 34.0% 

Doubled by reheating 68.0% 

Efficiency of motor 80% 

Net efficiency of motor, .68 x .80 = 54.4% 


It will be observed that the above computation 
assumes that the efficiency Is doubled by reheat- 
ing, but no account Is taken of the cost of this 
reheating. We may supply a rough estimate of 
this cost as follows: The efficiency can only be 

doubled by doubling the volume of air entering 
the motor, the pressure remaining constant, and 
this would require the temperature to be increased 
460° F., 1 cu. ft. of free air weighing 0.08 lbs., 
and its specific heat being 0.24, heating It 400° F. 
would absorb 0.08 x 0.24 x 400 = 0.873 B. T. U., 
which Is equivalent to 0.873 x 778 = 080 foot 
ponds of work per minute, or 0.021 HP. It would 
require a. very good heating furnace to give an 
efficiency of 60%, so to furnish this 0.021 Hr. 


to the air In the motor would call for a fuel con- 
sumption equal to the heat equivalent of 0.042 
HP. The compression of the 1 cu. ft. of air per 
minute required originally the expenditure of 0.40 
I. HP. In the cylinder of the steam engine. To 
this Should be added the cost of reheating, or 
0.042 HP., making 0.442 HP. The motor delivers, 
according to Gan. Haupt’s figures, 54.4% of 0.40, 
or 0.217G HP. Dividing this by 0.442 gives an 
efficiency of 49.2%, Instead of 54.4%. 

Gen. Haupt’s figures assume an efficiency of 80% 
for the motor. There is no doubt that this efficien- 
cy may be obtained in a well-constructed motor 
when It Is operated at or near Its most economical 
load, but the load on, a locomotive is exceedingly 
variable, and Its efficiency must vary within wide 
limits as the load varies from minimum to maxi- 
mum. We should consider It remarkable If the 
efficiency should average as high as 80% for all 
conditions of loading. 

It may be interesting to compare the figures 
given above to those which were published exten- 
sively some years ago concerning the operation of 
the Popp compressed air plant in Paris. In this 
plant the air was compressed only to 6 atmos- 
pheres (absolute), or 73 lbs. per sq. In. gage pres- 
sure, and consequently the operation did not en- 
tail nearly so great a loss due to cooling of the 
compressed air as If It had been compressed to 
2,000 lbs. per sq. in. On the other hand, the ef- 
ficiency of the compression machinery and of the 
motors were both lower than those given in Gen. 


Haupt’s statement, and the reheating caused a 
gain of less than 40%, instead of 100%. 

The figures for the Paris plant are as follows: 

Efficiency of a Compressed Air Power Plant. From Tests 
of the Popp Compressed Air System In Paris, 1891. 

I I. HP. at central station engine — 0.845 I. HP. in com- 
pressors. 

This corresponds to the compression of 348 cu. ft. of air 
per hour from atmospheric pressure to G atmospheres ab- 
solute. 

This 0.845 I. HP. will deliver as much air as will do 
0.52 3. HP. In adiabatic expansion after it had fallen to 
the normal temperature of the mains. 

0.52 I. HP. power of the air at the station, reduced to 
0.51 ’’ by fall of pressure In the mains (5 kilometers) 

0.50 “ by fall of pressure to 4 V? atmospheres (ab- 

solute) in the reducing valves, 

0.39 " by Incomplete expansion, wire-drawing and 

other causes, reducing the actual I. HP. of 
the motor, when the air Is used cold, to 
0.30 I. HP. This Is Increased by heating the 
air to about 320°F, to 

0.04 “ Ratio of gain — 0.54 ■+- 0.30 =■ 1.3S, supplied 

by the combustion of about 0.30 lbs. of coke 
per I. HP. per hour. If this bo taken Into 
account, the real efficiency of the whole pro- 
cess becomes 0.47, Instead of 0.54. 

0.47 ’’ obtained In motor from 1 I. IIP. In Bteam en- 

gine In central station, taking Into account 
cost of reheating the air. 

Indicated efficiency of motor 0.39 -t- 0.50 = 0.78 

Indicated efficiency of whole process with cold air. ...oi.39 
Apparent indicated efficiency of process, heated alr...oi54 
Real Indicated efficiency, whole process, with heated a'irO 47 
Mechanical efficiency of motor cold, 0.07; hot, 0.81 

The final Indicated HP. of the motor Is only 
47% of the Indicated HP. of the steam engine, or 
2% less than the figure given by Gen. Haupt (after 
we have revised It for the cost of reheating), for 
the net efficiency of the motor. If the mechanical 
efficiency of the motor, as given in the French 
figures for hot air, Is 0.81, then the mechanical 
power delivered by the motor for each 1 IIP. In the 
steam engine Is only 0.81 x 0.47 = 0.38 HP. 

For a fair comparison of the computed efficiency 
of the compressed air system with electrical trac- 
tion we may take the data given in Mr. M. H. 
Gerry's recent paper on Electric Traction on the 
Metropolitan Elevated railway of Chicago, pub- 
lished in our Issue of Sept. 16, 1897. For a 4-car 
train running at an average speed of 13.3 miles 
per hour, including stops, with an average current 
of 138.3 amperes and 504 volts at the train, he 
gives for the electrical HP. at the generating sta- 
tion 101 HP., transmitted to the train 93.4 HP., 
and utilized In propelling the train 51.5 HP., mak- 
ing an efficiency of 51% from the generators to the 
car axle. Taking the efficiency of the generators 
at 92%, which Mr. Gerry gives as a fair “all-day 
efficiency, ' the I. HP. used by the generators 
would be 101 - 4 - 92 = 110 I. HP., and the net ef- 
ficiency from the engine to the car-axle 51.5 110 

= 47%. 

If we may admit that It Is possible by the use 
of very efficient compressors, reheating furnaces 
and motors to realize with compressed air a net 
efficiency at the car-axle, under conditions of fair- 
ly uniform loading, of 40%, the best that can be 
said In favor of the fuel economy of the coin- 
pressed air system is that it is equal to that of the 
electric system as used In Chicago. Whether It 
should te used In preference to electricity will then 
depend upon other conditions than Its fuel econ- 
omy. These conditions will vary on different lines 
of railway. On a level road with a long distance 
between stations the energy exerted by the motor 
will be approximately constant; a most favorable 
condition for the air motor. With frequent stops 
and frequent sharp grades the energy exerted will 
vary from zero to the maximum of which the 
motor is capable. This condition is easily met by 
electric motors. It seems to us a question whether 
It can be well met by air motors. 

In the cylinder of the air motor, as In that of 
the steam engine, there Is a point In the stroke 
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at which the cut-off must take place In order to 
give the maximum economy. With a very early 
cut-off, corresponding to light loads, the air will 
expand to a pressure below that of the atmos- 
phere, producing an Indicator card with what is 
known as the "loop diagram." With a heavy 
load, such as that due to climbing a grade or to 
accelerating the speed, the card will have a high 
terminal pressure. Both of these conditions mean 
low economy. 

Even It the question of fuel economy may be 
shown to be not unfavorable to the compressed air 
system, there are questions concerning the prac- 
tical operation of air motors In whlc-h electric 
traction seems to have an advantage. In a high 
speed rapid transit line with frequent stops, rapid 
acceleration of Epeed Is of the utmost Importance. 
With an air locomotive this requires great weight 
for adhesion, and large cylinders to supply the 
power. Large cylinders, proportioned for econ- 
omical use of air at maximum loads are very 
wasteful at light loads. Part of this disadvantage 
may be overcome by using moderate-sized cylin- 
ders, and very high Initial pressures for heavy 
loads and reducing the pressure for light loads, 
but it will require a long series of experiments to 
determine what sizes of cylinder and what Initial 
pressures should be used for different conditions 
of running to give the maximum economy. In 
electrical traction the great weight of locomotive 
necessary for adhesion Is avoided by dispensing 
with the locomotive and by using the weight of 
the motor car for adhesion. In the Sprague sys- 
tem, with a motor on each car, the required adhe- 
sion is easily obtained, and at the same time the 
maximum power of all the motors Is available for 
rapid acceleration. It does not appear probable 
that any system of air locomotive traction can 
compete with the Sprague system In giving the 
acceleration which Is so Important in elevated rail- 
way service. 

On the other hand, compressed air traction has 
some features of advantage over electric traction. 
One Is Its facility for storing power during times 
of light loads, without any cost of deterioration 
of the storage apparatus, which Is the great de- 
fect of -the electric storage battery. It Is likely, 
however, that any large storage capacity could be 
obtained only at great cost of Installation. An- 
other, and probably the most Important, as ap- 
pears from the estimates of cost given In the re- 
ports on the proposed installation In Washington, 
Is a lower first cost of plant, and consequent in- 
terest charge. These estimates, however, are for 
a surface street railway, in which the underground 
trolley system and the electro-magneltc under- 
ground system are the only systems of electric 
traction proposed. For elevated railways the 
third-rail system, which Is no doubt vastly cheaper 
In cost of Installation, would probably be used. 

For an existing Mne of elevated railway, such as 
those In New York and Brooklyn, where steam Is 
now used, and a change to electric or to air trac- 
tion Is contemplated, it would appear that air 
traction might be Introduced tentatively, In an -*x- 
perlmental way, at a cost, and an Inconvenience 
to traffic While making the change, far less than 
that required to Introduce electric traction. A 
small compressing plant might be built and a few 
air locomotives used which could take the place 
of a few of the steam locomotives Xn accurate 
account of the cost of the operation of the air lo- 
comotives could be kept and compared with the 
cost of operating steam locomotives, and with the 
cost of electric traction on the Chicago elevated 
railways. A six months’ trial on a moderate scale 
should be sufficient to settle the relative merits of 


steam, air and electric traction, and then if air 
traction should be found the best. It would be easy 
to enlarge the compressing plant and to build 
more locomotives, with such modifications In the 
original design as the results of the experiments 
might Indicate. 


AN IMPROVED AIR MOTOR. 

The motor shown in the accompanying illustration i> 
designed to faedi tale t he application of compressed air 
fur propelling street cars, it being contemplated that 
compressed air shall be supplied from stand pipes com 
lnunieating with pipes laid along the ear route. The 
improvement lias been patented by (ieorge ii. Hooper, 
of New Westminster, H. H. .Canada. The invention pro- 
vides for obtaining a compound clTrrl, using air tit 1 1 it* 
same pressure it lias in the reservoir, which is connerl 
ed hyavalved pipe with the valve controlled inlet ports 
of a high pressure cylinder. The exhaust port from 
this cylinder is connected wit h similar inlet ports of an 
intermediate cylinder, and the exhaust port from this 
cylinder is similarly connected \\ itli a third or low pros 



COOPER S AIR MOTOR 


sure cylinder, the slide valves of all the cylinders being 
operated in unison, anil the pistons being all secured to 
a common piston rod connected to the driving mechan- 
ism. On this rod is also secured a piston working in 
an air compressor cylinder, which isconnected by pipes 
with the supply pipe, the compressor being operated 
only by the excess of power above that required for the 
work being done. The compressor thus acts as a brake, 
particularly on a down grade, as well as serving to 
partly replenish the supply of compressed air. The 
motor is designed to effect an economic utilization of 
the air at the reservoir, dispensing with a reducing 
valve, affording also ah easy control ot the speed* and a 
powerful braking action. 


t m 
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A IE MOTOES FOE STREET RAILWAY TEACTION. 

An important stn-et railway plant, whose operation 
will be wateiiL-d with considerable interest, is about to 
be installed in this city on a portion of the lines of the 
Metropolitan Street Railway Company. It will be re- 
membered that a few miles of this company’s extensive 
lines have been operated for some time by compressed 
air motors, which are of the compound type and built 
under the Huadiey patents. On another stretch of road 
in this city the Hardie compressed air motor has been 
in successful operation. The distinctive feature of the 
Hardie motor is the use of a tank of hot water to heat 
tile compressed air before it is used in the cylinder.'. A 
fully illustrated description of this machine will be 
found in the Scientific American for August 15 , lSHi, 
where it is shown in service on the lines of the Third 
Avenue Railway Company, New York ; another motor 
of the same type built for the elevated roads was illus- 
trated in the Scientific American of .January ISO, 
IS'.iT. 

The new plant will include a power house on the 
property of the Metropolitan Company in West Twenty- 
third Street opposite the Pennsylvania terminal, and 
in addition to the power house the contract calls for 
the equipment of twenty ears with compressed air. 
The air compressor will be of the lii^ersoll-Ser^eant 
four-sta^e single-acting type, provided with intercool- 
ers between each pair of cylinders and a liual cooler 
after the fourth-stage cylinder. The air cylinders will 
be vertical and will be set under a vertical cross-com- 
pound Allis engine. 

It is interesting to note that the American Air Power 
Company, to whom t he contract has been let, was form- 
ed by a combination of the Jfoadley Knight and llur- 
die Companies. The new plant and equipment will 
embody the experience gained by the two experimental 
lines to which reference has been made above, and as 
both of these tests have shown satisfactory results, it 
is safe to say that the new Twenty-eighth and Twenty- 
ninth Streets equipment will represent the very lat- 
est advance in compressed air traction. The Metro- 
politan Street Railway Company has now in operation 
four different systems : the cable, underground trolley, 
compressed air and the horse ear. The probabilities 
are that of these four, two only will survive— the under- 
ground trolley and compressed air : the former being 
used on what might he called the trunk lines running 
north and south on Manhattan Island, and the com- 
pressed air motors working the crosstown branches. 


February, 1898. 

Consolidation of Air Power Companies 


The American Air Power Company, of New Y r ovk, has just been 
formed with a capital of 000, 000, by the consolidation of the 
American Air Power Company, of New Jersey; the General Com- 
pressed Air.Conipany, of New Jersey, and the Compressed Air Power 
Company, of New York. The two companies first named are those 
which have been engaged in developing the Hardie motor. The 
third company, namely, the Compressed Air Power Company, of 
New York, controls the IIoadley-Knight motor. It is the inten- 
tion of the new company to put several compressed air motors into 
actual operation where they will meet all the difficulties of city traffic 
and in this way to prove just w hat can be effected from this moth.' 
power. It is understood that the principal experiments will be 
carried on in New York City. The company has also shipped two 
motors to Copenhagen, Denmark. 


ENGINEERING NEWS. 


February io, 1898. 


•Abstract of a paper read by Mr. E. P. Lord, Super- 
intendent of H. K. Porter & Co., Pittsburg, Pa., before the 
Anthracite Coal Operators' Association in New York city. 
The complete puper U published in the “Bulletin of the 
Association," which can be obtained of the Secretary of the 
Association, Mr. Henry S. Fleming, 2G Cortlandt BL, New 
York city. 


MINE HAULAGE BY COMPRESSED AIR. 

Compressed air has marked advantages over any other 
class of haulage, in that it ia free to go wherever there Is 
a track laid; the distance run with one charge of air is 
only limited by the capacity of the motor tanks. Qreat ad- 
vancement has been made in the Improvements of com- 
pressors, pipe lines, pipe connections, motors, methods of 
charging, etc.; so that for efficiency it is admitted that 
compressed air runs electricity very close for a long- 
distance transmission. It is equally efficient and safe In 
fiery and non-flery mines, and materially assists ventilation 
by the air given out by the exhauBt. Efficient ventilation 
must be provided for, in any case; but compressed air is 
now used for driving mining machines in rooms or In butt 
entries, ahead oT the general work and beyond the range 
of general ventilation. 

Compressed air recommends Itself also for many other 
practical advantages, auch as moderate cost of plant and 
installation, due to the absence of overhead wires or ob- 
structions; economy of operation, secured by durability of 
construction; convenience and simplicity of operating and 
management; minimum risk of delay from breakdown or 
derangement; exceptlonably low cost of maintenance; safe- 
ty, due to the large factor of safety of all parts subject to 
■train, and the practical Impossibility of over-charging; 
the absolute absence of fire, thereby enabling it to be used 
without risk, where steam or electricity is equally objec- 
tionable; cleanliness and quietness with which It can be op- 
erated, and flexibility, adapting It to almost any require- 
ments. Again, It can be adapted to any varying require- 
ments of service, so that the entire plant can be run eco- 
nomical fy at only a fraction of Its full capacity, no more 
power being generated than Is needed for the work to be 
done, 



Compressed air locomotives are designed and constructed 
for a very wide range of service. Some of the principal 
UBes are as follows: 

Underground haulage In mines, whether worked by shafts 
or slopes, hauling trains through tunnels and city streets, 
transporting material at Industrial establishments: also In 
various manufactories of an extra hazardous nature, where 
there are any special fire risks; general haulage, when- 


fuel Is expensive and water power available; street rail- 
ways In large cities. 

Tho air for mine locomotives Is stored In one or two steel 
tanks having a cubic capacity designed for the length of 
run, weight of train, grades, etc. These tanks usually oc- 
cupy the space that the ordinary boiler does on the Bteam 
mine locomotive. They are constructed with a large factor 
of safety, and are tested to a much higher working pres- 
sure than they are designed to carry. The air from the 
main tank or tanks is conducted through copper pipe con- 
nections to an auxiliary reeervoir of suitable diameter. The 
pressure in this auxiliary tank can be regulated (usually 
ISO pounds) anywhere from 30 up to 300 lbs., as required. 
The air la reduced and controlled from the main tanks by a 
reducing valve and stop valve, which can be regulated to 
any pressure at a moment’s notice; and when once set, 
maintains a constant, fixed pressure (usually 150 lbs.) In 
the auxiliary reservoir, thereby preventing any undue waste 
of air, unnecessary slipping of driving wheels, etc., by 
Injudicious handling. In case only light loads are to be 
handled, the pressure can be materially reduced In tbe 
auxiliary reservoir. On the other hand, in emergencies the 
higher pressures can be at a moment's notice utilized. In 
the auxiliary reservoir the air is controlled and delivered 
to the cylinders by a differential throttle valve. The port 
openings in the cylinders are specially designed for the 
use of air, and there Is absolutely no back pressure in the 
cylinders, no matter at what load the engine is working, 
and no trouble is ever experienced from the freezing of 
the exhaust. 

The actual cost of operating the first plant we installed 
In the Anthracite region was found to vary from 1 to 1 % 
cts. per ton, mile net weight hauled. Including all expenses, 
IntereBt and depreciation of plant The saving by the use 
of compressed air over mule haulage being equal to the en- 
tire cost of plant in 2*4 years, averaging 204 working days 
each, one locomotive being used to only one-half its ra- 
pacity, and the other about one-fifth of its capacity. To 
operate both motors to their full capacity, and also the com- 
pressor, would add very little to the steam, lubrication, re- 
pairs, etc., but would reduce the cost of operating even be- 
low these figures. 

In installing » compressed sir plant the most Important 

ItemB of installation are the boilers, compressor, pipe line, 
charging station and motor. The size and capacity of these 
various units depend upon the physical characteristics of 
the mine and the required output In tons of coal per day. 
Upon the number of times that the motor is to receive a 
full charge of air per hour. Is based the capacity of the 
compressor, while the pipe line serves as a storage reservoir 
for storing up air while the motor Is in service. The pipe 
line should be of such diameter and length as will give a 
cubic capacity of air at a certain pressure, sufficient to 
equalize immediately in the tanks of the motor when con- 
nection by couplings Is made. In the old principle of in- 


stallation pipe lines were not generally used, but large, 
expensive air receivers were substituted, and the motor 
generally took its charge of air from them direct and then 
made its round trip. In all plants we recommend the lay- 
ing of pipe lines of a certain cubic capacity; the size and 
length of pipe depending largely upon what points in the 
mine it is necessary to reach in order to arrange charging 
stations so that the motor can conveniently receive its 
charge of air without any delay. 

There Is an erroneous idea that considerable time is lost 
In charging a compressed air locomotive; while In fact the 
largest motors which we have constructed can be brought 
to a standstill, the couplings made and broken, and the 
full charge of air received in a minute to a minute and a 
half. 

lielow is a list of a few of the different types of com- 
pressed nir locomotives which wo have designed and In- 
stalled. 

Two 7x14, class B motors, Susquehanna Coal Co.; 5 ft. 
3 Ins. wheel base, 3G ins. gage, 130 cu. ft. capacity of mo- 
tor tanks; weight in running order, 18,500 lbs.; length over 
all, 17 ft. 0 Ins.; width, 5 ft. 2 Ins.; height, 5 ft.; working 
pressure, 000 lbs. This locomotive hauled a trip of 30 
empty cars (about 2,500 lbs.) from foot of shaft. 3,700 ft. 
into gangway, and trips of 10 loaded cars (each with about 
0,700 lbs. of coal), back to the shaft, with one charge of 
air; starting with a pressure of 575 lbs.,- and ending with a 
little over 100 lbs. The heaviest work Is hauling empty 
trips up grade. Average grade, 1.07%; maximum grade, 
2.8%, In favor of loads. The weight of each empty trip 
with 10 cars. Including locomotive, is about 00,000 lbs.; 
and of a loaded trip, including locomotive, 100,000 lbs. This 
locomotive makes from 25 to 50 miles per day, depending 
upon the length of the run and the time required for mak- 
ing up trips. At 20 trips per day, the output amounts to 
about 1,070 tons, and with one motor. Approximate cost 
of such a plant, all complete, .$12,000 to $14,000. This in- 
cludes cost of compressor house and foundations and ma- 
terial for same; all steam connections; 0,000 ft. of 5-in. 
pipe, 4,000 ft. of 3-in. pipe; compressor and two locomo- 
tives. 

We have recently completed for the Rochester & Pittsburg 
Coal & Iron Co. two 9*4 x 14 class C locomotives, having 
5 ft. 6 ins. wheel base; 0 drivers, 2G Ins. diameter; 
weight. 28,000 lbs. In working order; capacity of the two 
motor tanks, 187 cu. ft. of air at GOO lbs. maximum pres- 
sure; height, 5 ft. 3% ins.; width over front bumper, 74 ins. 
for 42-ln. gage; width over tanks, 72 ins.; length over 
bumpers, 19 ft. 5*4 ins. These locomotives are designed to 
run on 30 and 35 ft. radius curves, and are to run on a 
25-lb. rail, which they can do very safely. Where the rails 
are light we recommend a six-wheel type. The locomo- 
tives are of our recent design, and have given exception- 
ally satisfactory results. They are running a distance of 
0,000 ft. on butt headings, or 12.000 ft., round trip, with 
one charge of air. They are hauling over a 4% grade with 
empties weighing 1,000 lbs. each, and 22 to 28 cars per 

train | cars holding about 2 tons oach, Total weight loaded 



COMPRESSED AIR LOCOMOTIVE FOR THE ANACONDA COPPER niNINQ CO. 
(On Testing Stand in the Shops of H. K. Porter A Co.) 
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train including locomotive, 02 tone. The first locomotive 
we built for these people, in 1892— a very crude machine 
compared to our present design— runs 5,900 ft. from place 
of charging, with empties, and return with loads, making 
round trip of 11,000 ft. with one charge of air and hauling 
22 cars each way. 

We have also completed the installation of a number of 
plants in the anthracite territory, notably, two 7 X 14 class 
II motors, for the Mill Creek Coal Co.; one IOMj x 14 for 
the Cross Creek Coal Co., Drlfton, Pa. Plants recently 
completed in the bituminous districts are, one 8 x 14 class 
B motor for the Mount Carbon Co., West Virginia; and the 
Carbon Coal Co., Greensburg, Pa., one 8x14 class C 
motor. 

We built a 5 x 10 class B motor for a large copper min- 
ing company in Montana, which had a 3-ft. wheel base, and 
designed to run on curves of 12 ft. radius; for 18-in. gage; 
four drivers, 23 ins. in diameter; weight in working order, 
about 10,000 lbs.; 47 cu. ft. of air, 550 lbs.; height, 58 Ins.; 
width, 58 ins. over cab; length over bumpers, 10 ft. 4% 
Ins. This motor was equipped with a re-heater, and we 
made a special test of the same In our shops in order to 
ascertain the relative efficiencies when working under cold 
and hot air. - 

The economies of compressed air haulage are best ob- 
tained by using the air expansively In the cylinders. The 
tendency is usually to work a motor up to Its highest prac- 
tical capacity, allowing the air to follow the piston the 
greater part of the stroke. This means decreased expansion 
in the motor cylinders and less efficiency than could be 
obtained with larger cylinders and greater expansion of 
the air. It is very essential that the total weight of the 
motor in working order should be somewhat In excess of 
what is the general custom with steam locomotives, inas- 
much as there Is always at hand a higher pressure than 
the working pressure, which can be utilized, provided a 
fair margin has been allowed for weight on drivers. It is 
our custom to make our engines considerably heavier than 
is ordinarily followed in locomotive construction generally. 
Not only does the frictional resistance of mine cars fre- 
quently run extremely high, but greasy and wet rails, poor 
line and surface are disadvantages which very largely 
contribute to the slipping of locomotive drivers, and em- 
phasize the great importance of not depending upon too low 
a coefficient for weight of motor to tractive force of same. 
For beet results we have assumed that the tractive force 
muBt be equivalent to one-fifth the weight of the motor. 

Stzu of Motor and Energy Required for Stated Trains and 
Length of Run. 

In order to determine the proper size of motor, and tank 
rapacity for the same, it is in most cases necessary to 
figure out the energy required In foot-pounds for doing the 
work. The factors entering into this calculation are: 

(1) Frictional resistance — usually 20 to 40 lbs. per ton, de- 
pending upon the condition of track and rolling stock; 

(2) Grade resistance — 20 lbs. per ton for each 1% of grade; 

(3) the curve resistance, depending upon the length and 
sharpness of curves; (4) weight of empties and weight of 
load; dally output in given pounds, and most desirable 
size of train. 

Having determined the weight of train, the daily output 
and the severest conditions of grade, etc., the size of motor 

required, the next point to determine is the size of store 

tanks on motor, sufficient for making certain round trips be- 
tween charging points with one charge of air! In order to 
make a correct estimate we should know the grades and 
conditions for each varying section of track. 

For mine service there are few motors at present built for 
a pressure higher than 700 lbs. per sq. in. When long runs 

are ncceseary between charging poiDts-eajr, to S miles. 

It becomes necessary for the usual size of mine motors 
to carry a higher pressure In the motor tanks, say 750 to 
8o0 lbs. 

In connection with these higher pressures, it is often 
possible to heat the air, in order to obtain the greatest 
possible work from them. This heating can be done either 
by direct heater, or by injecting steam into the auxiliary 
tank while the motor Is being cliarged with air. When 
the auxiliary tank Is employed as a heater, it is from a 
half to two-thirds full of hot water and steam, and the 
air made to pass through the same on its way to the 
throttle and cylinders. Again, the moisturo taken up by 
the air when heated by hot water helps materially to 
lubricate the cylinders and valve surfaces. If air at nor- 


mal temperature in a pipe line Is re-heated, and thereby 
expanded, the additional volume of air resulting from the 
expansion is produced by an expenditure of heat much 
lower than the original volume of air was compressed for, 
and by a much lower expenditure of heat than is required 
to produce an equal volume of steam. 

Plpo Lines. 

Frictional resistances in pipes conveying fluid are pro- 
portional to the density of the fluid; consequently, at 
equal velocities, the frictional resistance of air is enor- 
mously less than that of water. Air may be transmitted 
in mains, without serious loss or fall of pressure, at ten 
to twenty times the velocity practicable with water in 
water mains. Air at 90 lbs. is 115 times lighter than 
water, and frictional resistance at equal velocities Is less 
than 1% of that of water. In air mains velocities of 
25 to 50 ft. per second are allowed without serious fric- 
tional loss. In consequence of this high velocity, largo 
amounts of air power can be transmitted by air at moder- 
ate pressures In pipes of moderate dimensions. 

In the Installations we have made, we have never found 
it necessary to recommend anything above 0 ins. in diam- 
eter; 5 ins. has been the size of pipe most utilized, and as 
low as 2 and 3 ins. We have found that in pipe lines of a 
mile or over, the difference In pressure at both ends has 
been hardly appreciable. 

Compressors. 

Where the air is to be compressed to the high pressures 
necessary to pneumatic haulage Installations, we recom- 
mend the uBe of the compound principle of compression. 
Single compressors have an increasing resistance with the 
advance of the piston, and increasing temperature of the 
air, and it is quite necessary to equalize in some manner 
this vast difference in pressure. The compound com- 
pressor secures more uniform resistance at all points of 
the stroke, and Is by far the most economical and effi- 
cient machine for mine service. 

In the test made of the compressed air installation of 
the Susquehanna Coal Co., the air from the three-stage 
compressor— taking air from the atmosphere and com- 
pressing it to 600 lbs.— was only 180° at the point of dis- 
charge. This shows the manifest benefits of compounding 
and proper intcrcoollng. Some of th» oust designed three- 
stage compressors, compressing to 2,200 Iba. pressure, 
the air, after undergoing the three stages of compression, 
shows a final temperature after leaving the last or high 
pressure cylinder of 336°; this with the temperature of the 
Intake air at 60°. 

There has been some little discussion going on of late 
on the subject of explosions and fires in air compressing 
engines and air receivers. In every cuse the eauso of 
explosion or ignition is unquestionably due to an in- 
crease of temperature above the flash point of the oil 
which is used to lubricate the compressor. Thin oil, with 
high flash point, and as free from carbon as is consistent 
with good quality, should be used. We believe that the 
cases that have occurred in general practice have been 
wholly confined to the single acting compressors, and not 
the compound type. If compound compression was speci- 
fied for all mine pressures above 60 lbs., the result would 
be low temperatures and better results. Some of the 
trouble may be traced to a manifest increase in the tem- 
perature of the incoming air, which is made excessive by 
the sticking of one or more of the discharge vulves, 
thereby allowing some of the hot compressed air to 
flow back into the cylinder, and in that manner influenc- 
ing the temperature before compression. It has been 
pointed out that the discharge passages or discharge pipes 
in course of time will accumulate a deposit of carbon 
from the oil, which will so constrict the passages that 
the volume of air delivered to the compressor is much im- 
peded. 

Efficiencies. 

By the word “efficiency" we moan the percentage which 
the power given out by the motor bears to the power re- 
quired to compress the air In the compressor. The ulti- 
mate power developed at the motor is frequently a small 
percentage of the power expended. In many cases the 
losses are due to poor designing and faulty Installation, 
and cannot be directly charged to faults of the system or 
bad workmanship. If we were to make a careful test of 
a compressed air mine plant, Including the indicating of 
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the pumps, hoisting 
engines, drills, etc., 
we might be sur- 
prised at the low 
horse-power resulting, 
as compared to the In- 
dicated horse -power 
of the compressor.We 
might arrive at an 
efficiency as low as 
25% to 35%. which 
would perhaps appear 
unfavorable and mis- 
leading, did we not 
take into considera- 
tion the manner In 
which the power is 
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used. Indicator diagrams from almost all the pumps In 
use would take the form of a perfect parallelogram, with 
a terminal pressure equal to the Initial pressure. This 
condition of things is also true In the hoisting engines or 
drills. Of course, these machines would use steam under 
the same wasteful conditions, and would show a corre- 
spondingly poor efficiency If compared with the same vol- 
ume of steam used expansively In an economical engine. 
The air locomotive uses the air expansively, and its effi- 
ciency is correspondingly Increased. 

As regards the losses that are frequently chargeable to 
a compressed air plant, one compressor builder very con- 
cisely expresses them as follows: 

1st. Friction of compressor — amounting ordinarily to 
15 or 20%; never probably reduced below 10%. 2d. —Loss 
occasioned by pumping air drawn from the engine 
room Instead of from the outside or some other cooler 
place. This loss varies with the seasons, the 
amounts varying from 3 to 10%. This can all 
be saved. 3d.— Serious losses arise in the com- 

pressing cylinder. Insufficient supply, , difficult dis- 
charge, defective cooling arrangements, poor lubrica- 
tion, and no end of other causes perplex the designer 
and rob the owner of power. The fourth loss is found in 
the pipe line. No leak can be too small to require Im- 
mediate attention. 


By adopting recent designs, with all the latest Improve- 
ments, the cubic feet of air compressed per hour per 
horse-power has been raised from 264 to 367— a decided 
advance. The power can be transmitted, say at a pressure 
of 60 lbs., to two 
miles distance with 
an efficiency of 50% 
on the indicated 
horse-power of the 
compressor engine; 
this without reheating. 

By heating the air 
this efficiency may be 
raised to 70%. 

Pneumatic motors 
under most adverse 
conditions have been 
able *.o show efficien- 
cies between 30 and 
40% with cold air. 

When it Is under- 
stood that compressed 
air motors carrying 
600to750 lbs. of air can 
run a distance of from a 

mile and a half to three miles, according to physical 
conditions of mine, and with one charge of air, the ques- 
tion is often asked why higher pressures cannot be used 
with economy, so that the motor may never require to 
charge except at one most convenient point in the mine 
system. If we were to resort to higher pressures, say 
1,500 to 2,500 lbs., we would have to substitute Mannes- 
mann tubing for the tanks at present constructed. This 
meanB much increased cost, as tbe price of this tubing, 
now made only in Germany, Is very high. And again, 
a proper storage system, either in pipe line or receivers, 
would be necessary In order to charge the motor promptly. 
Therefore there would be no saving In cost of Installa- 
tion. Where the height of entry is limited, high pressure 
motors as above could bo used advantageously, but at an 
increase in first cost. They could be constructed to meet 
the same limited heights as electric motors. 
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Recent Improvements in Mechanical Traction for 
Railways 


Upon this subject E. A. Ziffer, civil engineer of Vienna and 
president of the Bukow'inaer I.ocalbahnen, read a very interesting 
paper before the International Street Railway Association at its 
tenth annual meeting in Geneva, during August last. The object 
of the paper, as expressed by Mr. Ziffer, was to rehearse briefly 
the improvements made during the last two years, since the pres- 
entation of his paper on the same subject before the same society 
in Stockholm in 1896. This paper was published in the Street 
Railway Journal for January, 1897. A digest of Mr. Ziffer’s 
last paper is given below: 

GENERAL 

The system most generally in use in Europe as well as in Amer- 
ica is the overhead trolley, which in Europe on Jan. 1, 18(98, was 
employed on 172 lines out of a total of 204 employing electric 
power. Mr. Godfernaux, in his book “Mechanical Traction for 
Tramways,” gives the following theoretical comparison of the cost 
of the different systems, including 10 per cent of amortising fund, 
on the capital invested, and based upon an annual traffic of 1,000,- 
000 car km. The figures are in francs per car km. 


System op Traction. 

Expenses. 

Operation. 

Amortization. 

Total. 

Rowan — 

o.r. 

0.11 

0.40 

Serpollet. 

0.30 

0.11 

0.41 

Gas motor 

0.48 

0.11 1 

0.54 

Compressed air 

0.4-J 

0.15 j 

0.57 

Electric accumulators 

0.8-1 

0.13 1 

0.47 

Trolleys 

0.31 

0 17 

0.48 


Mr. Schiemann, who has made a thorough study of the opera- 
tion of electric lines in Germany and Austria, concludes that of the 
tl;rcc electric systems (trolley, underground conduit and accumu- 
lators) the trolley is the most economical and accumulators next, 
and the combination of the trolley and underground system is 
always more satisfactory than the combination of trolley and ac- 
cumulators. 

CONCLUSIONS 

Steam motors have been much improved recently in America. 
They are important factors for branches of steam railways as well 
as for tramways where the traffic is not sufficient!} important and 
remunerative to warrant the operation of locomotives and com- 
plete trains and where the local conditions are prejudicial to an 
electric system. Among the steam motors, the Serpollet has cer- 
tain advantages which have resulted in its extended adaptation, 
particularly in France, but there are nevertheless certain incon- 
veniences attached to the system which the manufacturers are mak- 
ing an effort to overcome, notably the discharge of steam into the 
atmosphere. One disadvantage which it is impossible to remove 
is the location of the boiler adjoining the apartment for passen- 
gers, who are thus incommoded by smoke fumes, hot air and ex- 
haust steam for the cylinders. If u were not for these points the 
system would' be well applicable not only to suburban tramways 
hut also to short feeders of trunk lines. 

The use of fireless, or stored steam, locomotives haS not m- 
ct cased sensibly during the last two years. The results from opera- 
tion by these are not particularly favorable. The system is espe- 
cially adapted for the suburbs of large cities. The Dodge motor 
(termed also the Kinetic motor) properly belongs to this class. It 
is being tried on several lines in America and, as compared with 
other motors of the same category, presents the advantages of 
gieat simplicity of construction and ability to carry in the motor 
car itself sixty passengers. While the system may he improved, it 
pi oinises success. 

The extension of the compressed air system has made little 
piogress in Europe during the last two years, although it lias ter- 
tain conspicuous advantages. Un the other hand this system is 
being considered favorably in America, and an effort is being 
made to test its value on a considerable scale. The use of com- 


piessed air motors would be preferable to steam motors if they 
could he run as economically. 

The cable system should not be considered as entirely aban- 
doned; on the contrary it has been tried with success in England 
recently, in spite of the high cost of installation, rapid wear 01 the 
cable and loss of power through friction. The system has the 
advantage of enormous capacity and low operating cost when 
traffic is extremely heavy. 

Gas, benzine and petroleum motors have been improved con- 
siderably during the last few years, and the recent gas locomotives 
merit particular attention because with a greater tractive power 
they are more economical than gas motor ears. This system 
would be especially suitable for the operation of tramways in small 
towns as well as for long lines with light traffic, since the installa- 
tion is simple and not expensive and fuel is easily obtainable. It 
has not yet been possible to avoid entirely the disagreeable shaking 
of the cars and the penetration of the gas odors into the passenger 
compartment. The gasoline motor is still in the experimental 
stage. Benzine motors have been perfected to a greater extent, 
but their use on the Wurtemburg State Railways for suburban 
traffic has not been for a sufficient length of time to determine 
their practical utility. 

Accumulator traction, which might he considered the ideal, is 
still in the experimental stage, in spite of the good results already 
obtained. It continues to he a subject of great interest, and has a 
hc.peful future. 

The trolley system is the most widely adopted, the most econo- 
mical, and its status has been most clearly determined. It is me- 
chanically and electrically correct in principles, and from a com- 
mercial standpoint has an economy which can never be surpassed 
by accumulator. The aesthetic objections to its installation are 
not as great as they were, because the general public is becom- 
ing accustomed slowly to the changes which the system effects m 
the appearance of the streets. 

The underground conduit system has made many advances and 
secured many advocates who believe that it has a field, in spite of 
its high cost of installation and maintenance. 

The mixed system by accumulators and trolley lias been adopted 
in a number of places, and is interesting from a technical and 
financial standpoint wherever rights to install a trolley wire can be 
secured. 

The mixed trolley and underground conduit system has less to 
recommend it than the mixed trolley and accumulator system, 
since the advantages of the underground conduit do not sufficiently 
compensate for its disadvantages. However, the data as to its use 
are rather meager. Again, it must not he forgotten that the later 
introduction on these roads of trolley, accumulator or other ca-s 
would render useless the conduit, and, consequently, the cost of its 
installation would he lost. 

The surface contact electric system presents serious difficulties in 
the way of keeping the contact blocks free from moisture or other 
short circuiting agents which might prevent successful operation. 
The progress made in this department, however, gives hope that 
the system has a certain future. 

The third rail system is the least expensive to install of any, and 
where a railway operates over its own right of way, and par- 
ticularly for elevated and underground railroads, it has given ex- 
cellent results in practice, and upon such roads the system will 
have a wide application. 

To say which among all the mechanical systems of traction is 
the most desirable from an engineering and economical standpoint 
is of course a very difficult thing to do, as can be easily seen, and 
the writer states that he would consider himself extremely pre- 
sumptuous to endeavor to give definite conclusions as to which 
should be installed in every case. It is necessary to take up each 
condition individually and weigh carefully all the relative circum- 
stances in construction and operation. When all is said, however, 
it is undoubtedly true, he concludes, that the overhead trolley sys- 
tem is the one most generally adopted, not only in Europe hut 
America, and it is the most simple, the most economical and the 
Cine which has given in practice the best results up to the present 
time. 
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jlmittific JUumatt. 

January 28, 1899. 


COMPRESSED AIR TRACTION IN NEW YORK CITY. 

Tin- rapidly growing interest in the development of 
s olf-j;jopeiiV<-: -cuieito ... .soil ...g m a vast amount of 
experimental work in the effort to produce a satis- 
factory motor. Among the various forms of motive 
power that have been tested, compressed air has in 
the last two years shown very pood results. To 
those who have not kept in touch with the subject, it 
may he surprising to learn that compressed ay - motors 
have been improved to such a degree that, in point of 
economy, they compare favorably with other and 
better known motors which of late years have been 
more in the public eye. During the earlier stages of 
the development of the steam locomotive, the atten- 
tion of eminent, engineers was directed to compressed 
air as possessing some excellent features for purposes 
of mechanical traction, and half a century ago the 
great Brunei, with characteristic boldness, equipped 
several miles of what is now the (treat Western Kail 
way, in Kngland, with compressed air, building power 
stations and laying conduits between the rails. It was 
a failure, as were all the early attempts in this direc- 
tion, chiefly because in the Great Western experi- 
ments, and those of later date, there was a great loss 
of power due to the unsci'mtine methods of com- 
pressing and expanding the air in the compressors and 
motors. Brunei’s system consisted of a pipe or conduit, 
of compressed air laid between the rails and fed from 
central stations, and pistons, sliding within the pipe, 
which were attached to the cars by means of a plow in 
much the same way as the grips on our modern cable 
cars. The grips passed through a longitudinal slot on 
the top of the conduit, which was closed by leather 
strips which opened and closed to allow the passage of 
the plow. As was to be expected, the leather strips 
wore out and failed to close the conduit. 

In this and in all the later attempts to use com- 
pressed air, however, there was a serious loss due to 
the fact that a large portion of the energy expended in 
compressing the air was transformed into heat, which 
subsequently was lost by radiation. Moreover, where 
the compressed air was utilized in motors, its expansion 
was accompanied by a reduction of temperature which 
produced accumulations of ice sufficient, to choke the 
exhaust. 

These difficulties have been overcome by better 
methods of compression (the work being done in suc- 
cessive stages with intermediate cooling) and by re- 
heating the air prior to its introduction into the cylin- 
ders of the motor. During the past two or three years 
careful experimental work has been done in this di- 
rection on two of the leading street railways in New 
York city. On the One. Hundred and Twenty-fifth 
Street line of the Third Avenue Railway Company 
several motor cars have been running which were con- 
structed under the Ilardie patents, and on the Lenox 
Avenue line of the Metropolitan Street Railway Com- 
pany a thorough test has been made of the Hoadley 
& Knight compressed air motors. In both systems the 
air was carried in storage flasks, and was heated, by- 
passing it through a tank of hot water, before being 
used in the cylinders. The Ilardie motors were of the 


single expansion and the Hoadley of the compound 
type; and in the former the cylinders were direct con- 
nected to the axles, while the Hoadley cylinders were 
connected to a countershaft whose pinions engaged a 
gear wlieel on the axle. 

Tiie compound system is said to have given the best 
results, and it, lias proved so satisfactory that the two 
companies have been consolidated into what is now 
knowui as the International Air Bower Company. A 
large factory is being built adjacent to the present, 
works of the American Air Bower Company, and the 
company is now busy upon the new motors for operat- 
ing several important, cross-town lines in this city. At 
a .11 early date tire Twenty-eighth and Twenty-ninth 
Street lines will be in operation, and other main 
arteries of cross-town t ravel will be similarly equipped 
as soon as the motors can be built. It is expected 
ultimately to have the whole of the Metropolitan Com- 
pany's great system under either electric or compressed 
air operation; the former being used on the great 
trunk lines, running north and south on the avenues, 
and the latter handling the cross-town and branch 
lines. 

Contemporaneously with the consolidation of the Bar- 
die and Hoadley interests in the International Compan y 
comes the announcement of the formation of the New 
York Autotruck Company, a companion concern to 
the former. The autotrucks are to use the Iloadlc; - 
Knight system, and they will lie designed for hand- 
ling tile heavy trucking which is now entirely moved 
by horses. The press reports speak of t lie new auto- 
truck as having in active service proved more economi- 
cal than the horse. This is, we believe, atriile prema- 
ture, as the only actual motor thus far constructed 
is a rather crude affair used for carting material at the 
works which supply some of the compressing ma- 
chinery. 

As a competitor in the field of automobilism, com- 
pressed air will have to prove itself at least the equal 
of electricity, steam, gas, hot, water storage, and other 
systems before it can hope to fulfill the promise of the 
promoters that it will remove the horse from the 
streets of this or any other city. If the motors do as 
well on the trucks as they have on the street cars, the 
autotruck may not only replace the horse, hut 
prove to lie the coming _* ..1 abiding type for all 
forms of automobilism. This, however, has yet to he 
pioved,[and if the curiously named vehicles make their 
appearance on the streets of New York, their per- 
formance will be watched with no little interest. 

Until, however, an experimental truck has been 
made and fully tested, and has proved that it can 
stand the test of actual and continued service in our 
city streets, it seems premature to expect the public to 
take very much interest, in the extravagant notices 
which appear in the daily press, stating that a com- 
pany lias been formed with $10,000,000 of capital for 
exploiting these vehicles. It looks as if the autotruck 
should and probably will become an actuality, bill iis 
serviceableness for the purposes for which it is de- 
signed has yet to be proved. 
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STREET RAILWAY JOURNAL. 

February, 1899.] 


♦♦♦ 

New Interests in Compressed Air as a Motive Power 

Late in December and early in January, there were organized 
several companies with large capital, intending to use compressed 
air lor various purposes, and in view of the financial standing and 
importance of the interests involved in this movement to place 
upon the market a new motive power, it is advisable to explain 
the status of the parent and affiliated companies. 

The American Air Power Company, of New York, was organ- 
ized in January, 1898, as a consolidation of the American z\ir 
Power Company, of New Jersey, the General Compressed Air 
Company, of New Jersey, and the Compressed Air Power Com- 
pany, of New York. The first two companies had been engaged 
m developing the Hardie motor, and the third the Hoadley-Knight 
motor. The capital stock of the consolidation company was $7,- 
000,000, and A. A. McLeod, formerly president of the Reading 
Railroad system, became the company’s president. 

In January, 1899, the International Air Power Company, of New 
jersey, was formed with a capital of $7,000,000. Later on it was an- 
nounced that this company had secured from the American zVir 
Power Company exclusive rights for all its letters patent in 
foreign countries; rights for all patents in North and South 
.America, except those bearing directly upon street railway trac- 
tion, were reserved by the /American Air Power Company. The 
principal stockholders of the International Air Power Company 
are said to include some of the strongest and best known street 
railway and other capitalists in America. 

Following the organization of this second company is that of 
the New York Auto Truck Company for $10,000,000, and the Chi- 
cago Auto Truck Company, while a similar company for Philadel- 
phia is to be organized. The International Air Power Company 
will retain large holdings of stock in these three companies and in 
others which will be formed in different cities, and will manufac- 
ture and sell to them complete compressed air trucks intended to 
do a general city trucking business, replacing and gradually driv- 
ing from the field the present horse trucks. 

The directors of the New York Auto Truck Company are J. II. 
Iloadley, Richard Croker, ex-Senator Arthur P. Gorman, Robert 
.McKitistry, Nathan Strauss and Lewis Nixon, owner of the Cres- 
cent Shipyards, of Elizabethport, and designer of the United 
States battle ships Massachusetts, Indiana and Oregon. The 
directors of the Chicago Auto Truck Company will include Joseph 
Leiter and associates. 

The International Air Power Company has purchased for 
manufacturing purposes the works of the American Wheelock 
Engine Company, in Worcester, and the Rhode Island Locomo- 
tive Works, in Providence. The new auto trucks will be built at 
the company’s Providence works, and air compressors for the auto 
truck business in Worcester. 

The American Air Power Company is now equipping with com- 
pressed air motors and apparatus tweny cars for the Metropolitan 
Street Railway Company's Twenty-eighth and Twenty-ninth 
Streets crosstown line, and the Ingersoll Sargent Company has 
practically completed a four-stage compressor to furnish the neces- 
sary motive power. The compressed air power station for the 
Twenty-eighth and Twenty-ninth Streets line is located at the foot 
of West Twenty-fourth Street, and work is going on rapidly upon 
the engine foundations, boilers, etc., while in a small temporary 
shop near by, the motors are constructed. 

A full description of the Hoadley-Knight motors of the Ameri- 
can Air Power Company and of the engineering features of the 
four stage compression was given in the Street Railway Jour- 
nal for /August, 1897, page 487. 


A 1,500-HP. FOUR-STAGE AIR COMPRESSOR. 

We Illustrate herewith an unusually large air 
compressor recently Installed for the American 
Air Power Co. by the Ingersoll-Sergeant Drill Co. 
at the former’s power station, 24th St. and the 
North River, New York city. 

Aside from the fact that this compressor will be 
used to furnish air to operate the most extensive 
compressed air street railway system In the world, 
the compressor Is of Interest because it is perhaps 
the largest of Its class ever built. 

A general view of the engine and compressor Is 
given In Pig. 1, which, however, hardly does jus- 
tice to the size of the machine. Fig. 2 shows the 
general details of the engine and compressor and 
the arrangement of the piping, intercoolers, etc. 

The engine proper was built by the E. P. Allis 
Co., of Milwaukee, Wis., and, as will be seen In 
the Illustrations, is a vertical cross-compound 
condensing engine. It is practically the same as 
the Btandard Allis pumping engine, has the usual 
Reynolds valve motion and embodies no novel feat- 
ures, except, perhaps, the governing mechanism 
which is connected to the air storage reservoir. 
This arrangement regulates the speed at which the 
engine runs to suit the demands of the service 
until the limiting speed of 75 revolutions per min- 
ute is reached, when the automatic engine gover- 
nor comes into play and prevents any further in- 
crease In speed. The feature is, however, common 
to pumping engines used for water-works. 

The engine stands 32 ft. above the level of the 
engine room floor, which Is even with the top of 
the massive brick foundation. This foundation is 
In turn 29V£ ft. high to give room for the air com- 
pressing cylinders, so that the total height from 
the ground level to the top of the engine cylinder 
Is 59'/& ft. At the base of the foundation the over- 
all dimensions are 29 x 33 ft. Running through the 
center of the foundation Is an opening or tunnel 
7 ft. wide and 22 ft. high, in which are hung the 
air cylinders. The engine flywheel is between the 
high and low-pressure sides of the engine and Is 
22 ft. in diameter with a rim 2 ft. wide and 18 
ins. thick. 

The steam cylinders are double acting, 32 and 
60 ins. In diameter with a 60-in. stroke. Mounted 
on brackets close up to the cylinders Is a reheat- 
ing receiver. Steam Is supplied at 150 lbs. pres- 
sure by four Babcock & Wilcox 250-HP. boilers. 
The engine speed can be varied from 40 to 75 
revolutions by the air governor, as already stated. 
At 40 revolutions the. nominal horse power is 1,000 
and at 60 revolutions it runs up to 1,500 HP. 

The main steam pipe, Fig. 2, is 12 ins. In diam- 
eter, and the exhaust pipe, which Is 22 ins. in 
diameter, is provided with a suitable valve for 
throwing’ the exhaust into the condenser, or in 
case of accident or emergency into the air. 

The air and circulating pumps were also fur- 
nished by the E. P. Allis Co., the former being a 
32 x 12-in. vertical pump with the usual type of 
surface condenser. 

The compressor part of the equipment Is wor- 
thy of special attention, owing to the amount of 
air compressed and the high pressure attained. 
The four cylinders composing this part are ar- 
ranged tandem below the engine shaft and di- 
rectly In line with the steam cylinders. The low- 
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EN 5-25-99 


COMPRESSED-AIR CARS are suggested for certain 
lines in Chicago, and the Compressed Air Motor Co., of 
Chicago, is operating a car on the North Clark St. cable 
line, as a substitute for the horse cars which are run 
after midnight, when the cable plant is shut down for 
inspection. The company Is also building an air-motor 
truck for use on a GO-ft. passenger car, suitable for sub- 
urban survice on steam railways. This car Is to be tried 
on one of the railways leading out of Chicago. It will 
have sufficient storage capacity for a round trip of 2T> 
miles at the average speed of suburban trains, hauling 
one extra passenger car as a trailer. The mechanism is 
on the Hardie system, which, as applied to an experi- 
mental locomotive for the New York elevated railway, 
was described in our issue of June 24, 1897. Particulars 


7 ft. 6 ins. wide at the posts. The platforms, which are not in- 
closed, are but 4 ft. long. The car stands ins. high to the sills, 
giving a step 14 ins. from the head of the rail. With a low plat- 
form, this gives a 12-in. riser. The car is mounted on a No. 21-E 
truck, and has an 8-ft. wheel base and 30-in. wheels. The gage is 
standard. 4 ft. 8 l / 2 ins. 

The whole center of the truck is left open to receive machinery, 
etc. Three compressed air cylinders, each q ]/ 2 ins. in diameter! 
arc to be placed under both of the longitudinal seats, with which 
the car is fitted. The greaL wheel base is not a disadvantage of 
any importance, since these crosstown lines have a very large pro- 
portion of tangent. Some of the lines, indeed, are perfectly 
straight, with the exception of the curves at the switches near the 
ends of the lines. This feature, of course, makes the long wheel 
base very advantageous, in fact, because, even with a long body, 
the car is very steady. 


of service of street cars on this system. In New York, 
were given in our Issue of Oct. 7, 1897. 
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Compressed Air Cars for New York 

The Metropolitan Street Railway Company is making prepara- 
1,' ms to run several of its crosstown lines by compressed air, 
notably, the Twenty-eighth and Twenty-ninth Streets line, be- 
tween the North and East Rivers. Aside from the motive power, 
the compressed air cars have a number of interesting features of 
■ 'instruction, and in their framing are entirely novel. They were 
built by the J. G. Brill Company, of Philadelphia. 

The crosstown lines in New York City below the ITarlem 
1'iver are mostly short, and the traffic, except at the most crowded 
hours of the day, is composed largely of short rides. The type of 
iar, therefore, to accommodate this business differs materially 
from that needed in any other part of the city. With compressed 
air as a motive power, certain changes become necessary in con- 
struction, and the result is the car shown in the accompanying 
' ngraving. The body is 22 ft. 4 ins. long. The car over the 
buffers measures 31 it. 5 ins. It is 6 ft. 6 ins. wide at the sills, and 


f he lloor framing of these cars introduces a number of special 
features. It consists, first, of two side sills of wood, into which 
two end sills are moitised in the usual way. The side sills are 
then plated with iron oil both sides. The inside plating is turned 
up at the ends against the end sills, and takes a firm bearing on 
them. A heavy plate is also put on the outside of the end sills, 
completely covering the ends of the side sills also. There are in 
all eight crossings, or cross sills, as they are sometimes termed. 
Six of these are of angle iron. The two nearest the ends of the 
car are deep plates turned up against the side sills and bolted fast. 
All the other crossings are of angle iron carried by malleable iron 
brackets, which are bolted to both angles and side sills. This 
form of construction gives an enormous amount of strength and 
stiffness. In order, however, to obtain good fastenings for the 
floor and for such attachments as must be necessarily connected to 
tlie bottom of the car, each one of these angle iron crossings has a 
3-in. nailing piece attached to it, and held in place at eacli end 
by another malleable angle. Iliese "nailing'' pieces are also 
properly bolted to the angles. The usual diagonal struts are in- 
ti oduced at the ends of tire car to keep the frame square. 

It will be seen that in this form of construction the wood lias 
been used where its strength can be employed to best advantage, 
and tlie metal is introduced in places where wood has naturally 
its greatest weakness, namely, at the joints. It must be under- 
stood that the side sills are only mortised for tlie timbers at the 
two ends, thus tlie whole strength of the wood is preserved. The 
car body, being very long and having a great overhang, requires 
an unusual amount of strength to support the long ends, and this 
strong floor frame was designed to give tlie required strength. 

Tlie springs under these cars were designed to give a very easy 



motion. The sc nii-ei 1 iptics were 
made 36 ins. long, not only giv- 
ing ample support, but making 
galloping entirely impossible. 
The side bars of the truck, be- 
ing under great strain, were 
made accordingly heavy am! 
stilt, to carry the weight of a 
heavy car body and the propel- 
ling machinery. 

1 here are four folding gates, 
with solid iron hood supports. 
1 he body of the car is, in gen- 
eral, finished according to the 
Metropolitan standard, t h e 
woodwork being selected white 
:ob, and the veneer seat covered 
with standard Broadway carpet. 
The ceiling is of three-ply 
maple, without decoration. Tin- 
trim inside is all of bronze, and 
the sash have metal styles. The 
brakes are of the Sterling pat- 
tern. 

Each of the posts are pro 


COMPRESSED AIR CAR, NEW YORK 


vided with a push-button for 
signalling the conductor, and 


the lighting is done by three 
I’intsch gas lamps. The body is supported by a deep gas-pipe 
truss, well anchored at each end of the sills. 


♦♦ 
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The electric system has monopolized the attention 01 
street railway engineers for so many years, and its advan- 
tages have been so thoroughly demonstrated, that the 
claims of other powers during the last decade have received 
scant attention. The latest claimant for a hearing to dem- 
onstrate its ability to compete with the electric system, 
however, is compressed air — latest, not because trials in 
this power were not made before or concurrently with the 
electric system, but because the use of compressed air un- 
der high pressures as now being tried in this country is en- 
tirely new in the history of its application to railway 
service. Mechanically, the air power motor has been most 
carefully designed and it is our opinion that if the system 
should become a successful competitor of the electric for 
street railway use, it will be upon the general lines de- 
scribed elsewhere in this issue. It is needless to say, how- 
ever, that some time must yet elapse before absolute fig- 
ures as to the cost of operation in regular conditions of 
service on a large enough scale to make this comparable 
with electric railway service, can be secured. In many re- 
spects the system is an attractive one, but it remains to be 
seen whether there may not be troubles which are not now 
apparent, but which may militate strongly against its em- 
ployment. 


Compressed Air Motors in New York 


It is well known that compressed air motors are in use 
abroad on several railways, and in the last issue of the 
Street Railway Journal some particulars were given of 
the cost per car mile during 1898 of the motor cars of the 
Mekarski Compressed Air system upon the line of the 
General Omnibus Company at Paris. Owing to the de- 
velopment of the trolley system in this country, but little 
effort has been made up to the present time to give the 
compressed air system a thorough trial in this country, 
although a few cars on the Mekarski system were operated 
several years ago in Toledo, Westfield and other cities. 

The possibility of developing some system which 
would operate without overhead wires, however, 
induced certain prominent capitalists interested in 
the street railways of New York to look into 
compressed air as a motive power about three 
years ago, and to determine whether it might he 



TOP VIEW OF AIR MOTOR 


made a substitute for the underground conduit electric sys- 
tem and trolley. The preliminary steps taken by this syn 
dicate, which resulted in the construction of an air motor 
equipment for street cars upon lines entirely different from 
those which had been followed abroad, are familiar to the 
readers of the Street Railway Journal, through an 
article published in these columns in August, 1897, which 
described the system as then constructed and in use on the 
Lenox Avenue and Columbus Avenue divisions of the 
Metropolitan Street Railway Company. Since the publi- 
cation of that article, the American Air Power Company 
has been organized, and has acquired all the stock, patents 
and property of the General Compressed Air Company, 
the American Air Power Company, of New Jersey, and the 
Compressed Air Company of New York. This company 
has been organized with A. A. McLeod as piesident, 
Henry A. llumlcy as secretary and treasurer, and W. 11 . 
Knight, engineer, and the following hoard of directors: 
A. A. McLeod, W. L. Elkins, Thomas Dolan, Thomas h . 
Ryan and J. II. Iloadlcy. 

In the meantime, also, important improvements have 
been introduced in the mechanical features of the system, 
so that now the company claims an economy of operation 
closely approximating, if not less than that of the overhead 
trolley. To determine the actual operating expenses, how- 
ever, the American Air Power Company has made ar- 
rangements with the Metropolitan Street Railway Com- 
pany to introduce the system on an extensive scale in the 
equipment of the Twenty-eighth and Twenty-ninth Street 
lines of the latter company. These lines are now being re- 
laid with 9-in. girder rail to afford substantial construction 
for the cars. 

In the meantime, th<* company has built an extensive 
compressing plant at the western’ ' ermiual of the Twenty- 
eighth and Twenty-ninth Streets 'ties at West Twenty- 
fourth Street and Iwelfth Avenue, containing a 1000 h.p. 



direct, driven, four-stage compressor, wilh 
charging outfit and car house to accommo- 
date the equipment necessary for the opera- 
tion of the Twenty-eighth and Twenty-ninth 
Streets .lines. The capacity of this com- 
pressor is eighty cars, and it will operate the 
1 hirty-fourth Street and other cross-town 
lines as far down town as I'leecker Street. 

During the completion of the large com- 
pressor ten air power cars are performing 
night service on the Twenty-third Street 
ciosstown line in regular passenger ser- 
vice. 

1 he cars do not differ in exterior appear- 
ance in any way from the ordinary under- 
ground conduit cars in use on that line. 

1 he car body is the same in every particu- 
lar, and is mounted on a 21 E Brill truck, 
which carries the.air motors. The latter 
are completely enclosed in a dust-proof 
case, in which they revolve in oil, lubricat- 
ing themselves continuously without the at- 
tention of an operator. The use of side 
rods is completely dispensed with, as each 
axle is driven independently, one by two 
high-pressure motors, the other by two low-pressure mo- 
tors. In fact, the principle closely followed in the design 
of the equipment was to follow the general standard street 
railway practice as developed on electric roads, the pur- 
pose being to retain the use of the standard wheels, axles, 
trucks and car bodies, as it was thought that these have 

now reached a form where the expense of maintenance 
was a minimum. 

The controller is designed with two handles, one for di- 
rection, the other for speed, with duplicate controllers at 
each end of the car, making it easy for a molorman fa- 
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VIEW OF AIR MOTOR TRUCK 

miliar with an electric power to operate one propelled In- 
compressed air. 

The air power system as in ttse now in New York may 
be described in detail as follows: 

( )n each axle is mounted an iron clad motor having two 
cylinders and cranks at right angles. One motor has two 
high pressure cylinders 4 ins. in diameter and 6-in. stroke, 
d he other motor has two low pressure cylinders 8 ins. in 
diameter and 6-in. stroke. Upon the crank shaft of these 
motors is a pinion about 9} ins. in diameter, meshing into 
a 21-in. gear wheel mounted on the middle of the axle 
The axle is straight as used for electric motor cars, and tin 
wheels are ordinary street car wheels. The motor consists 
essentially of a cast iron case or basin, to which the two 
cylinders are bolted, and in which all 
the moving parts, the piston rods, 
cross heads, connecting rods, cranks, 
gears, valve rods, eccentrics and re- 
versing mechanism are located. The 
basin is sleeved on the axle, and is 
covered with a lid which can be quick- 
ly removed, thereby revealing all the 
machinery for complete inspection. 
'1 he hjtsin carries sufficient quantities 
of oil, so that the motors run in oil 
and are continuously lubricated, in- 
suring the longest possible life. 


n ]l Motor Cylinders ix 8*x 0*Stroke 
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The air reservoirs, which are seamless steel bottles, are 
carried under the seats. These flasks measure 21 ft. 6 ins. 
in length and 2 ft. 5 ins. in circumference outside. There 
are six on each car. They weigh about 700 lbs. each, and 
are 9 millimeters thick, and are tested to three times the 
pressure they are intended to carry. From these pipes a 
1 in. pipe leads to a reducing valve, which reduces the 
storage pressure to the working pressure. Before reaching 
the reducing valve, the pipe passes for about 2\ ft. from its 
length through the heater, so that it can receive sufficient 
heat to prevent the subsequent freezing of any moisture 
which may he in it. 

The heater consists of a wrought iron reservoir, that is 
supported on the cross pieces which connect the two mo- 
tors, and is charged with hot water under a pressure of 
about 210 lbs., which corresponds to a temperature of 400 
degs. The capacity of the heater is about 60 cu. ft. 

After passing through the heater, where it takes up 
heat, as described, the air enters the reducing valve, which 
is of the ordinary type, where its pressure is reduced 
from 2400 lbs., which is that in the reservoirs, to 320 lbs. 
From the reducing valve it branches and flows to the 
throttle valves, one at each end of the car. From the 
throttle valves it passes to the injector, shown on page 375, 
where a certain amount of moisture is given to the air. 
i bis injector is fed from the heater, and consequently the 
water is at the same temperature as that in the heater, viz., 
quo degs. The moisture not taken up by the air falls to 
the bottom of the injector chamber, and is led back to the 
heater. From the injector the air passes through a spiral 
coil in the heater, consisting of a i-in. pipe having a linear 
length of about 50 ft. In this passage it is brought up to 
the temperature in the heater, so that in the next step, 
when it is admitted to the high-pressure cylinder, it has a 
temperature of 400 (legs. After exhausting from the high- 
pressure cylinder, it is carried through a connection under- 
neath the heater to the low-pressure cylinder, and is then 
exhausted into the atmosphere on the lower side of the 
low-pressure cylinder through a muffler. By having one 
motor high pressure and the other low pressure, undue 
slipping of the wheels is prevented, as when the high- 
pressure wheels slip the low-pressure motor gets more air 
and more pressure. On the other hand, when the low- 
pressure slips its wheel it draws down the pressure in the 
exhaust of the high-pressure cylinder, correspondingly in- 
creasing the strength of the high-pressure motor. 

The direction of the flow of the air is shown diagram- 
matically in the cut below, in which A is the charging valve 
through which the air passes through the head B to the 
bottles, and B to the reducing valve I). The throttle valves 
are shown at E, the injector at /•', the connection to the 
high pressure cylinders at G and the connection to the low 
pressure cylinder at 0 . 

In its use of a heater, the practice of the American Air 
Power Company is similar to that of practically all the 
other manufacturers of air motors, but, as will be seen, the 
form fit heater adopted is quite different from that which 
has been used elsewhere. The object of imparting mois- 
ture to the air is two-fold; first, it assists in packing the 


joints, thereby reducing the leakage, as the air would be 
excessively dry owing to the high temperature to which 
it is brought. Another advantage of adding the moisture 
is that during the expansion in the cylinders the waiter 
keeps flashing into steam all along the passage as the pis- 
ton advances beyond the point of cut off. This keeps up 
the pressure toward the end of the stroke and gives an al- 
most isothermal expansion instead of adiabatic expansion 
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In the heater used on the Mekarski system, to which 
reference has already been made, the air is made to pass 
through the hot water; this system was not adopted, first, 
because the experimental tests conducted with it seemed 
to indicate that its use was liable to bring excessive quanti- 
ties of water over into the motors, and secondly, to reduce 
the pressure in the heater from that of the air to the 210 lbs. 
required to maintain the temperature of the water at 400 
degs. As will be seen from the sectional view of the in- 
jector, the amount of moisture injected into the air can be 
regulated, while the necessary amount 
of heat is imparted to the air through 
its dry passage through the heater. 

Tw'o methods of control are adopted, 
one by varying the cut off, and the 
other by the use of a throttle. Both 
methods of control are operated from 
the platform, which is equipped with a 
double handle controller, the upper 
handle being that moving the throttle 
and the lower that adjusting the cut 
off. 1 he latter handle has four notches, 
corresponding to stop, and three de- 
grees of speed. On the first notch the 
valve is set to cut off at one-quarter 
stroke, the second stop at one-third 
stroke, and the third notch at five- 
eighths the length of the stroke. At 
the neutral position the air pressure is 
entirely cut off, and as the motor cylin- 
ders are fitted with check valves, the 
car can coast without creating anv 
hack pressure or vacuum. The usual 
position of the cut off when the car 
is in operation is that of the first, or 
one-quarter, notch, which is, of course, 
the most economical point of running. 

The speed is then controlled bv the 
throttle. Should the motorman desire more power or 
higher speed than can be given with the throttle 
open, the cut off can be advanced to one-third or five- 
eighths point, and to avoid accident the motors can be re- 
versed if necessary, by throwing the cut off controlling 
handle around to the reversing position without touching 
the throttle, although this brings a strain upon the motors 


similar to that experienced by electric motors when sud- 
denly reversed. No special notches are provided on the 
reversing side of the cm off controller disc, as they would 
be little used. When the car reaches the terminal of e» 
routc, the two controller handles are lifted off the spindb ■ 
and carried to the other end of the car, as with electric 
operation. 

I he results secured during the past two years have dem- 



VIEW IN STORAGE ROOM 

nnstrated that the motors are highly efficient and exce ed 
ingly durable, all the original parts being still in use. The 
manufacturers estimate that making a liberal allowance 
tor the wear which nntst occur, and which, in the case of 
the more rapidly wearing parts has been measured,, the 
maintenance per car mile will compare favorable with that 
of an electrical equipment. 
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SECTION OF INJECTOR 

The weight of the standard car as in use on the Twenty- 
eighth and Twenty-ninth Streets lines is as follows: 


Car body 6000 lbs. 

Tru( Ts 4500 “ 

Air reservoirs 4200 " 

1 - eater ; 700 .. 

Motors (each 1400 lbs.) agoo 


Controlling apparatus and other fittings 400 “ 

Piping 150 “ 

l°Uil 18,750 lbs. 

The motors upon which this estimate is based arc capa- 
ble of slipping the wheels on a dry rail under a weight of 
30,000 lbs., corresponding to that of a powerful electric 
motor equipment, with which, as will be seen, it does not 
differ materially in weight. 

Several sample indicator diagrams, taken from the high 
and low pressure cylinders, are given on page 378. As 
will be noticed, they are similar to locomotive diagrams, 
and have the characteristics of diagrams taken front cylin- 
ders with link type of cut off. 

Reviewing briefly now the motor equipment, it will be 
seen that the system differs in many respects front that 
used abroad, notably (0), in the form of motors employed, 
(b) in the method of heating, and (c) in the high pressure 
used. The adoption of a pressure of 2400 lbs. in the reser- 
voirs was to increase their capacity. As at present de- 
signed, the cars can run 15 miles on a trip with a charge 
that is restricted to a space under the seats, and this can 
be increased to 20, 30 or 40 miles by crowding in all the 
flasks that the space would allow, or by increasing the pres- 
sure, as the company is now preparing to do. As the reser- 
voirs have a capacity for withstanding three times the pres- 
sure used in them, it will be readily seen that the element 



METHOD OF CHARGING CARS 


of danger is practically eliminated. There is no deteriorat- 
ing influence on the reservoirs incident to the use of this 
piessure, nor has there been any explosion with anv of the 
flasks by air except when premeditated, and only then with 
the greatest difficulty and with apparatus specially con- 
structed to bring the required force into play. 

I he cars operate noticably without noise, and start no- 
ticeably without jar and with a cushioned effect which is 
extremely easy for passengers. 

I he method of charging is another feature to which the 
engineers of the company have devoted a great deal of at- 
tention, and which is now accomplished in a minimum 
space of time. A general view of the main charging room 
is shown on page 375. The main charging reservoir con- 
sists of a large number of the same type of flasks as used 
on the car, but carried in a rack and piped to a manifold, 
from which the air from the compressor is switched into 
any bank of reservoirs desired. From this point the air 
under pressure is piped to the charging room, where are 
located the charging nozzles. The latter are carried upon 
a flexible goose neck so arranged that the nozzles can be 
readily fitted to the charging valve. Adjoining the air 
charging nozzle, but located in such a position that it will 
come opposite to the heater, is the hot water charging noz- 
zle, which is similar in general appearance to that used for 
charging the air reservoirs. This device has a double set 
of pipes, one for introducing the hot water into the reser- 
voir, and the other to allow the discharge of the water 
which may be in the heater after a run. The process of 
charging the air reservoir, hot water reservoir and remov- 
ing the cooled water can be accomplished simultanc.ouslv 
and in a short space of time. 

'I'he compressor plant, which has just been completed at 
the corner of Twelfth Avenue and Twenty-fourth Street, 
by the Ingersoll-Sergent Drill Companvj is unusual in 
almost all of its features, but especially in two points, its 
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GENERAL PLAN AND SIDE ELEVATIONS OF LARGE COMPRESSOR 


great power and the high pressure obtained. High pres- 
sures with smaller machines are common, but pressures of 
2400 lbs. to the square inch in 1000-h.p. machines are es- 
sentially unique. ' 

In general the machine consists of a vertical cross com- 
pound engine, built by the E. P. Allis Company, of Mil- 
waukee, which has cylinders 32 ins. and 68 ins. x 60 ins. 
stroke, and is provided with Reynolds Corliss valve gear. 


With steam pressure of 150 lbs., furnished by Babcock & 
Wilcox boilers, 40 r.p.111., and most economical point of 
cut off, the horse power is 1000. The shaft is of hammered 
iron 22 ins. in diameter outside of the journals and 20 ins. 
diameter in the bearings which are 36 ins. long. The tly 
wheel, placed between the cylinders, is 22 ft. in diameter 
and weighs 60 tons. The engine is mounted upon brick 
piers, and directly underneath it is placed the air com- 
pressor. 

This machine is of the four-cylinder type, the low pres- 
sure cylinder being 46 ins., the first intermediate 24 ins., 
the second intermediate 14 ins., and the high pressure 



98 cylinder 6 ins. in diameter. The stroke being common 
with that of the engine is 60 ins. All of these cylinders 
are single acting and are water-jacketed. The free air ca- 
pacity per revolution is 56.735 cu. ft.; capacity at 40 r.p.m., 
2269.4 cu. ft., and the free air capacity at 60 r.p.m. is 3404.1 
cu. ft. The approximate pressures in the different coolers 
are given in the large diagram showing cycle of operation. 

1 he compressor pistons are arranged in pairs vertically 

in line beneath the steam cylinders as is shown in side and 

i'< r < ><- 


The water used for cooling the air in the intercoolers is 
taken from the North River, which is a few hundred feet 
from the station, through a )6 in. water main. After pass- 
ing through the intercoolers this water is discharged into 
the river through a second 16-in. main. 


1 ^- I'i ij / 5 


Com I'Rhssor Data. 


end elevations. The initial and first intermediate air 
cylinder being below the low pressure steam cylinder, 
while the second intermediate and high pressure air cyl- 
inders are below the high pressure steam cylinder. Motion 
is transmitted from the steam engine cross heads through 
distance rods, one pair for each crosshead, to a crosshead 
attached to the air cylinder piston rods. 

'1 he intercoolers employed are of two different design? 

1 he two for the lower pressures consist each of a shell in- 
closing a nest of vertically arranged cooling pipes, through 
"'Inch the air passes going from one cylinder to the other. 
'1 he coolers for the higher pressures consist each of a shell 
inclosing a pipe coil. The former construction was 
adopted for the lower pressures because great cooling sur- 
face was required on account of the large volume of air, 
hut in dealing with the higher pressures coils were substi- 
tuted so as to dispense with as many joints as possible. 
The coolers are arranged so that in case of leakage of air 
from the cooling pipes into the shell or casing this air will 
rise with the circulating water up to the operating floor of 
the engine room and discharge through a slight discharge 
pipe under the immediate care of the engineer. All the 
piping from the first air cylinder and through the entire 
compressing plant is of copper. 

What may be called an auxiliary governor controlled by 
air pressure is provided to act upon the governor of the 
steam engine. This consists of a weighted lever which is 
operated upon by a small piston, which in turn is actuated 
by the air pressure. If for any reason the pressure should 
become excessive, the lever is lifted. This opens a valve 
admitting air to a device on the governor, so designed as 


Scale of Absolute Pressure 1" = SCO lbs. 
Volumes 1" = 3 Cub. Ft. 

Compression Vol. = % way between the adiabatic and Uc'hr 


Areas ok Air Compressor Diagrams. 

Area of 1st Stage Diac. = .241 sq. in. 

“ “ 2d “ “ = .218 “ 

“ “ 3d “ “ = .215 " 

“ “ 4th ** “ = .221 “ 


Clearance in all air cylinders — 1 per cent. 


Expansion (or Motor) Data. 


p 4 = 2400 

v 4 = 0.006 
t 4 = G0° K. 
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V* = 0.473 
t« - 35° K. 
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v ft = 0.072 
t 6 = G0 ,J F. 

v, = 0.821 
t 7 = 400° F. 
v m = 0.906 


P'a = 

v' s 0.12! 
t' 6 = 400 32" F. 

P„ -- SO 
v„ - 2.684 
t„ - l!5.08 r F. 


v, =r 2 88(1 p,, - 14.7 

t w - 300° F. v M - m.774 

v 1 <j — 3 236 * t , j — 4 .71° F. 
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DIAGRAM OF COMPRESSION AND EXPANSION 


to reduce the steam supply and for all practical purposes, 
to throttle the engine. 

Some idea of the massiveness of the machine may be ob- 
tained from the bare statement that it is 60 ft. in height. 
It will be employed exclusively for supplying air to the 
air motor cars on the street railway cars. 


Referring now particularly to the diagram given on the 
previous page, showing the cycle of compression and ex- 
pansion, this diagram is drawn to scale, the abscissae rep- 
resenting volumes, and the ordinates pressures. The left 
hand side of the diagram shows the compression curve, 
and the right hand side the expansion curve. Twelve cubic 


n n x n- 
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SAMPLE INDICATOR DIAGRAMS FROM HIGH PRESSURE CYLINDER OF MOTOR 


feet of air is taken as a basis, the scale of pressures being 
■I in. to 3 cu. ft. The curve of actual compression in each 
cylinder of the compressor is considered to he half way be- 
tween the theoretical adiabatic and isothermal curves on 
account -of the water jacketing, and at the end of each 
stage of compression the air is brought back to the corres- 
ponding pbint on the isothermal curve through the cooling 
of the air in the intercoolers. Short arcs of the true isother- 
mal and adiabatic curves are given on the diagram at the 
end of each stage of compression. 



SAMPLE INDICATOR DIAGRAMS FROM 

The portion of the curve to the right hand of the center 
line shows the pressures and volumes at eacli stage of ex- 
pansion. The actual values of pressure, volume and tem- 
perature at the end of each stage are shown by />< v* U, 
pi is u. . pn vn tn. The effect of heating the air is shown 
m the differences between re U andi/» t'», and again between 
;■« U and vt h. The effect of the injection of moisture is 
shown in the difference between and v m . 

The theoretical efficiency of the entire mechanical cycle 
can, of course, be obtained by dividing that portion of the 


area of the right hand curve, which represents work per- 
formed, i. e., that of the high pressure and low pressure 
diagrams, by the entire area of the left hand curve. Ac- 
cording to these figures, the theoretical efficiency of the 
cycle is 60.9 per cent. This figure, however, is. of course, 
slightly in excess of the true efficiency of the entire system 
on account of the addition of heat from the hot water 
heater. The effect of subtracting this, however, will not 
materially affect the total efficiency, as given above. 



LOW PRESSURE CYLINDER OF MOTOR 

The question of air consumption and cost is, of course, 
an important one. UpQn this point the company hopes to 
be able to contribute some important data soon. From 
tests already made, however, Mr. Knight, chief engineer of 
the company, states that the average consumption per car 
mile has been 450 cu. ft. of air, and the cost per car mile has 
been about $.025. 

♦♦♦ 
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Compressed Air Cars in Chicago 

\ test is 1 icing made of c< impressed air as a inr>ti\c power on 
sonic cars being operated on the lines of the- North Chicago Street 
Railroad Company. 1 he work is being done under the auspices 
of the Compressed Air .Motor Company, of Chicago. The cars 
.arc modeled after those that were operated for a year on 1271I1 
Street, m New York, and have all tile added improvements sug- 
gested by the experience secured with this typo of cars in New 
York. The system employed is known as that of the Hardie, and 



COMPRESSED AIR CAR 


h hert llardie, chief engineer of the company, and well known 
in lie field of compressed air development, is in charge of the 
installation, and superintends the operation of the cars. To bring 
out the new features, a brief description of the equipment will 
follow: The cars are jH ft. long over all, and weigh, when fully 
equipped, including the truck and mechanism, about 9 tons. 'Hie 
"heels are _>0 ins. in diameter, and are coupled after the manner 
■ i locomotive practice. The power is supplied from two cylin- 
ders. each 7 ins. x 14 ins., mounted one on each side of the truck, 
from which the piston rod connects with the crosshcad, and this 
is connected to the coupling rod by means of a rocker arm. The 
vahe gear is controlled by a regular Stevenson's link, with a cut 
oft and is operated by separate eccentrics. A variation of cut-off 
is 'fleeted by the reversing link. 

Air brakes are employed for controlling the car, and the brake 
cylinder is located under one end, near the platform. The con- 
t'ollmg handle is located against the dashboard, and in connec- 
tion with this is a by-pass starting- valve. 

I he air is stored in reservoirs, which arc located under the 
seal and in other convenient positions on the truck beneath the 
door of the ear. The tanks under the seats are o ins. in diameter, 
an 1 extend tile (pi! length of the car. All these tanks are of 
seamless tubing, manufactured in (iennany by the Manncsniaim 
C ompany, and bear the marks and guarantee of the inspectors of 
the Herman Government, by whom every tank is tested before 
shipping- The testing pressure is 4860 lbs. to the square inch. 
1 he charge lor operating the cars is carried at an initial pressure 
' ' I -'-’ no Ids. to the square inch, and the tanks included in the equip- 
ment have a capacity of st cubic feel. The pressure is automatic- 
ally reduced, however, to 150 lbs. to t he square inch, and is then 
passed through a reheating tank, and is delivered to the cylinders 
..1 the latter pressure. The reheating tank consists of a shell of 
holler plate, and is 18 ins. in diameter x 7 ft. in length, and when 
the car is ready for service is reheated by live steam at a tem- 
perature of about 700 (legs. The air is admitted to a perforated 
pips 1 in the bottom of this tank and bubbles up through the water, 
and in its passage absorbs beat and moisture, which adds to its 
economical value and prevents the ports front freezing from the 
excessive low temperature attending the expansion of the charge. 

It is interesting to note in this connection the economical 
feature of reheating the air. From some tests that have been 


made, it was found that a ear with a full charge of cold air was 
able to make a trip of 8 miles, while with the same charge and 
the ai r reheated as above described a total of 15 miles was easily 
made, a gain of 7 miles having been secured with an estimate. 1 
expenditure of 10 lbs. of coal, tile amount theoretically required 
lor raising the water to the necessary temperature. This estimate 
is based on the theory that there are about 8000 available heat 
units to a pound of coal. For starting the car the valves .are so 
arranged that air under increased pressure can be delivered to the 
cylinders, enabling the ears to start easily and positively under till 
conditions, without regard to the position of the cut-off valves. 
As soon as the ear is under wav the high pressure is cut off, and 
the cylinders work under a normal pressure of 150 lbs. 

In order to provide the necessary pressure for operating the 
cars two Norwalk three-stage compressors have been installed 
m the tension room of the Clark Street cable power system, and 
steam for operating them is taken from the boilers of the sta- 
tion. A nest of twenty reservoirs of the same type as those de- 
scribed for carrying the charge 011 the car is provided near the 
compressors, i licsc are arranged in four rows and five tiers, and 
.are divided in two sections of ten each, each section being 
coupled at one end by means of copper tubing to a single pipe, 
which is fitted with a valve and operating wheel. These tanks 
are 22 ft, in length and 9 ins. in diameter. In the process of 
compressing ;t charge the air passes through a coil of pipes con- 
tained in a large tank filled with water. From this it passes 
through a condensing device, by means of which the condensation 
from the moisture in the atmosphere is tapped off, so that only 
comparatively dry air enters the storage tank. 

Mr. llardie has been experimenting with compressed air as a 
'notice' power since 187b, and is now confident that he has brought 
his system to a commercial success. He states that the only 
drawback or delay in the introduction of compressed air as a mo- 
tive power has been the difficulty of getting sufficient capital to 
demonstrate the system on a large scale. He claims that the 
compressed air motor has passed through the stages of evolution 
eery much as the electric motor; that while tile early types of 
electric motors were virtually failures in the light of present exper- 
ience, they have now reached a degree of commercial elluicncy, 
and he believes that with ten years of experience with the com- 
pressed air motors, under the same care and interest that has been 
expended on the electric motor, that the air will have surpassed the 
latter and become as universally popular. The Compressed Air 
Motor Company in Chicago was virtually organized four years 
ago, at the time the experiments were undertaken in the least, 
but very little lias been done, as (lie company has been awaiting 
results of experiments made by the Fasten] company. The or- 
ganization of the company is now composed of the following: 
Henry I). Cooke, president; Alexander C. Soper, treasurci; Wil- 
liam Is. Scllcok. assistant treasurer, with Robert Hardie as chief 
engineer. W. J. Chalmers, of the firm of Chalmers & Co., engine 
builders of Chicago, is one .of the directors. 


August, 1899.] STREET RAILWAY JOURNAL. 

Compressed Air Cars in Chicago 

The Compressed Air Motor Company, of Illinois, with head- 
quarters at Chicago, reports that it placed in operation on May 
30, 1899, one of its compressed air motor cars, replacing one of 
the horse cars in the night service of the North Clark Street Cable 
Railway, It is stated that this car has performed a continuous 
service, carrying passengers each night without failure or delay, 
and, it is said, entirely with satisfaction to the street railway offi- 
cials. Since May 30 an additional compressed air car lias also 
been put on, and air cars are now doing the “owl” ser- 
vice between the City Hall and the city limits. 

On the first and second trips at night one or two trail 
cars are attached to the motor car, and in a single round 
trip of 7 miles 417 passengers have been carried 
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<mr first page engraving and m tile diagram already 
referred to. 

There are four sets of intermediate coolers for reduc- 
ing tiie temperature of the air at each stage of com- 
pression, placed conveniently on either side of the 
foundations. Each of the two inter-coolers for the 
lower pressures consists of a cylindrical shell contain- 
ing a set of vertical cooling pipes, while in the coolers 
lor the higher pressures a single coll pipe is used ; the 
air in each case passing through the pipes, which are 
surrounded with circulating water at atmospheric 
temperature. The action of the system is as follows : 
'J'lic air alter compression in tiie low pressure cylinder 
is led through tiie first inter cooler, 
from which it is.-ues carrying a press- 
ure of -lu pounds to tiie square inch. 

It then passes lo the lirsl intermediate 
cylinder, where, idler further compres- 
sion, it is led to the second inter cooler 
which it leaves at a pressure of 180 
pounds to the square inch. It is ne.\t 
compressed in the second intermediate 
cylinder, then cooled to atmospheric 
temperature at a pressure of 850 
pounds, and finally it is compressed in 
the 6-inch cylinder and cooled to at- 
mospheric temperature under a press- 
ure ot 2.-100 pounds to the square inch, 
at which pressure it is led to a nest of 
storage cylinders in the charging room. 

The water used for cooling the air in 
the inter-coolers is taken from the 
North River, which is only a couple 
of hundred yards distant, through a 
10-inch water main, and after passing 
through the inter coolers the water is 
returned to the river through a dis 
charge main of the same size. Adjoin- 
ing the engine house is a charging plant and u car 
house. The cars on their return from a trip are run in 
on the tracks adjoining the storage cylinders, where 
suitable connections are made and a fresh supply ot 
compressed air at the working pressure is fed to the 
storage cylinders, which are carried beneath the heats 
of t he cars. 

The cars which are being Used in this service are 
pract ically the same in const run ion as tile four-wheel 
cals which are used on the underground trolley lines. 
The car body weighs if, ODD pounds, the trucks 4.500 
pounds, the air reservoirs 4,2u0 pounds, two motors 
weigh each 1,400 pounds, and the other parts and fit- 
tings of the car bring up the total weight to about f)J4 
tons. The an' motors arc carried one’ upon each axle, 
in two diistpruof cast iron casings. Kach axle is driven 
independently, one of them by tiie two high pressure 
motors and tiie other by the two low- pressure motors. 
It will be thus seen that, the cars are made to conform 
in respect of distribution of the driving power to the 
standard practice on electrically equipped lilies. The 
high pressure motor lias two high pressure cylinders, 
each 4 inches in diameter with a 0-inch stroke, and 
similaily the low pressure motor has two cylinders 8 
inches in diameter by 0-incli stroke. In each case a 
if ‘4 -inch pinion is geared upon the crank shaft and 
meshes with a 21 inch gear wheel keyed on the middle 
of the car axle. The cylinders arc bolted to the casing 
and lie outside ol tiie same, while within the casing are 
the piston rods, crossheads, cranks, gears, and ill fact 
allot the moving mechanism, and the whole is closed 
in with a cast iron covet, which on being lifted exposes 
all the moving parts for inspection or repairs. One of 


our engravings, showing one cylinder and its connec- 
tions, is introduced to illustrate the construction oi tin- 
re versing mechanism. The eccentric disk is not mount- 
ed directly upon the shaft but upon a pair of parallel 
guides which are pitched at an angle to the shaft, one 
above and oue below it, and have a motion parallel to 
its axis. When the guides are thrust in toward the 
crank the eccentric disk is thrown up, and when they 
are drawn out the disk is thrown down, thereby giving 
a forward or reverse motion to the engine. The idea 
is not new ; but it has been ingeniously applied in the 
present instance, and lends itself admirably to the 
peculiar construction of these motors. It does away 
with one eccentric and the usual link motion. The 



HALF VIEW OF ONE MOTOB, SHOWING EEVEESING 
GEAE. 

bottom of the casing is filled with oil so that the motors 
are self-iubrieating after the fashion of the Westing- 
house and other fast-running engines. Tiie construc- 
tion is very compact and the whole design well worked 
out. 

The compressed air is carried in seamless steel flasks, 
which are placed beneath the seats of the car, three on 
each side, as shown in the accompanying engraving. 
The flasks are 21}4 feet in length by 2 feet 5 inches m 
external circumference and they are tested, before be- 
ing placed in service, to a pressure three times as great 
as the working pressure. From the ends ol flasks the 
air is led through the heater, a wrought non cylindri- 
cal reservoir which is supported between the I wo motors, 
as shown in tiie detail drawings of the car and the 
heater. The latter is charged with GO cubic feet of hot 
water under a pressure of 210 pounds at a temperature 
of 40U degrees. After the pipe has passed through the 
heater where the air takes up sufficient heat to prevent 
the subsequent freezing of any moisture which it may 
contain, the air enters the reducing valve, of which we 
show a sectional view, where its pressure is lowered 
Irani 2,400 pounds to 32U pounds to the square inch. 
It then passes to the throttle valves at each end of the 
car. and thfmce to the injector, where a proper amount 
of moisture is sprayed into the air from the heater, the 
temperature of the spray being, of course, 400 . The 
air with the moisture which it has taken up now passes 
through a spiral coil in the heater (see detail view ), 
where its temperature is raised to that of the heater, 
or 400 , at which temperature and corresponding pres 
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GENERAL PLAN OF 1.000 HORSE POWER COMPRESSORS AND CHARGING STATION. 
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ENGINEERING NEWS. 
November 2, 1899. 


COMPRESSED AIR STREET CARS on the Hardie sys- 
tem are used on the North Clark St. cable line, In Chi- 
cago, during the night hours when the cable plant is 
shut down, from 12.45 to 5.45 a. m., and 12.45 to 7.45 a. 
m. on Sundays. Since May 30 the care have run 6,487 
miles and have carried 71,155 cash passengers, or 77 pas- 
sengers for each round trip of 7 miles. The compressor 
plant is in the cable power house at Clark and Elrq Sta., 
and has been in actual operation for 443 hours, while the 
cars have been in actual operation for 598^ hours. Four- 
wheel cars are used, which are very similar to th# cars 
which have been in service for about a year on 125th St., 
New York city. The system is being introduced in Chi- 
cago by the Compressed Air Motor Co.; President, Henry 
D. Cooke; Engineer, Robert Hardie. 


COMPRESSED AIR. 

BY 

FRANK RICHARDS, Mem. AS.M.E. 

182 A LIST OF THE VARIOUS APPLICATIONS. 

1st Edition 
1299 

Cars , Propelling, on Street Railways . — Compressed air is 
not yet extensively used for this purpose in the United 
States, but is permanently established and successful in 
Paris and elsewhere in Europe. Experimental cars in the 
United States show excellent results, and the general adop- 
tion of the system in the near future is more than probable. 

In cost of plant, in facility of introduction, in economy of 
operation, and in the entire absence of objectionable feat- 
ures the compressed-air system surpasses all others. The 
principal delay as to its extensive introduction is in deter- 
mining the ultimately best of many details of construction 
and operation. 

STREET RAILWAY JOURNAL. 

March 31 1900.] 

Mahon was first called in the Third Avenue matter. When he 
left the Criminal Court Building he declined to talk of his testi- 
mony. As a member of Naughton & Company, who had the 
contract for changing the motive power of the Third Avenue, 
he was, of course, questioned about getting the contract which 
Isaac A. Hopper believed he had secured, and the employment 
of laborers who appeared to have sinecures. He was also ques- 
tioned as to the profitable terms of the contract, 15 per cent on 
labor and 10 per cent on material, and the claims filed against the 
company. 

Consolidation of Compressed Air Companies 

It is understood that negotiations have practically been com- 
pleted looking to the consolidation of nearly all the compressed 
air power companies in this country. These companies are con- 
trolled by various interests known as the Whitney, Hoadley, 
Crokcr and Leitcr syndicates, and the companies which it is said 
are to compose the new concern are the American Air Power 


Company, of New York; the Storage Power Company, 
of New York; the Hydro-Pneumatic Storage Company, of Wash- 
ington; the Hydro-Pneumatic Car Company, of Washington ; the 
Standard Power Storage Company, of Philadelphia; the Tram- 
way Power Storage Company, of Philadelphia; the International 
Power Storage Company, the Internationa! Air Power Company, 
The International Power Company, operating in Rhode Island, 
and the New York Auto-Truck Company. 

It is expected that the parent company will either be the Ameri- 
cr n Air Power Company or the Internationa! Power Company. 

H. H. Vreeland, of the Metropolitan Street Railway Company, 
and who is president of the American Air Power Company, is re- 
ported to have said a few days ago when asked as to the matter 
that the negotiations had reached a stage which practically insured 
their successful termination. 

It is stated also that the Metropolitan Company intends to in- 
crease the use of compressed air for operating its crosstown ar.J 
horse car lines on both its own and the Third Avenue Railroad 
systems. A contract for 125 cars, which will be equipped with air 
motors has been made, and their installation on the various lines 
will be brought about as speedily as possible. 

STREET RAILWAY JOURNAL. 

April 14, 1900.] 



President Cooke of the Compressed Air Company Makes 
a Statement 


1 'rc-uknt Henry I). Cooke of the Compressed Air Company, 
which was incorporated April <> will) a capital of $8,000,000, has 
issued an official statement, ill part as follows; 

" Aiiii. uiicement is made of the Compressed Ail Company, 
with a capital of $8,000,000. incorporated under the laws of the 
State o; New York, for the purpose of acquiring the owner-hip 
of the American Air Rower Company, of New York, and the Com 
pressed Air Motor Company, of Illinois. 

"W hen all outstanding stock of the .American Air Rower Com 
puny and of the Compressed Air Motor Company are exchsngi 
there will still remain in the treasury of the new company more 
than Ji.ooo.ooo of unissued stock, none of which will be offered I'm 
sale. Abundant cash for the treasury has been provided within: 
selling any stock. 

"The company begins bu-ine-- with orders from the Metropoi 
itan Street Railway of New York for twenty-eight cars, now being 
constructed, and for too additional cars to follow, which will op 
erate every crosstown line of the Metropolitan system. Negotia 
tions art about being consummated for air cars on other roads 
and twelve miles of road in the interior of the State of New York 
are at present under contract and will be operated with air cars 
within sixty days, the service being already partially estabh-hed 
"The air cais which for a year pa..-t have been performing the 
night service cm the Nortli Clark Street line. Chicago, during the 
aro weather, blizzards and snowstorms of the past winter, have 
proved more reliable than any of the other forms ul strict car 
service in Chicago, and haw made friends with the -tree: rail- 
way managers and the public, arid large business promi-ed from 
the various street railways in Chicago," 

The directors of the company are: William L. Elkins and 
Thomas Dolan, of Philadelphia; G. E, P. Howard, Henry 1 ) 
Cooke, Francis R. Foraker. William C. Duxburv, Charles H. T 
Collis, Howell C. Knight and William II Kimball, of New York 
The following officers have been elected for the ensuing year 
President, Henry D. Cooke; vice-president. C II. T. Collis: sec- 
retary and treasurer. Henry A. Himcly; chief engineer. R ilur' 
Hardy. The offices of the company will he located at No 621 
Broadway, New York. 



106 


Current Literature April 1900 
APPLIED SCIENCE: INVENTION AND INDUSTRY 


The Century's New Power H.D. Cache Leslie’s Weei'y 

Compressed air and electricity are secondary 
forces, the handmaids and servants of steam, or 
other primary powers — their conservators and 
distributers. Each lias special spheres of useful- 
ness in which each excels, and neither should be 
placed in false mechanical positions by its too 
ardent advocates. As the work that eacli can do 
better than the other is understood, rivalry ceases. 
It has been well said that the "strongest mani- 
festation of power is its widest distribution." In 
the field of power distribution where distance 
alone is considered, electricity excels ; but 
wherever large volumes are required, compressed 
air is without a rival. 

The elasticity of air is a natural law, hence it 
is unfailing in its operation. Released from pres- 
sure it returns to atmospheric density. It is not 
changed in compression, but can be kept indef- 
initely, and is regular in its operation. It is ab- 
solutely free from the vagaries of its brilliant but 
volatile ally, electricity. All nature is a vast air- 
using machine. What better can man do in me- 
chanical devices than imitate nature? Steam- 
using engines operate with air. The application 
of air power is a proved mechanical fact. First 
chosen for special work in mines and other places, 
regardless of economy, now that its niceties are 
understood, its use is extending in all mechanical 
fields. Early used for air brakes, it made its way 
upon the railways and extended into general use 
for operating signals and switches, and then in 
the shops. It is now used in all lines of industry, 
in individual machine work, drills, pumps, etc. 

It is passing strange that, after its successful 
use in brakes for stopping trains, it was not 
earlier used for propelling trains, a field into 
which it is now largely entering, in several cities 
of France there are street railroads operated with 
compressed air; in Berne, Switzerland, and else- 
where in Europe. Air motors of American de- 
sign, to meet the high requirements of service 
in this country, are in successful operation in 
Chicago and New York City, and find favor with 
the street railroads and the public. Properly con- 
structed, they are found to be noiseless and free 
from nuisance, and in economy of operation and 
maintenance excel all other forms of street rail- 
way traction. Compressed air is keeping pace 
with other powers for automobile propulsion. It 
is in use on a light wagon, the engine of which 
weighs thirty-six pounds. This wagon seats two 
people, and is propelled a mile with sixty feet of 
free air. In Europe Paris is the largest user of 
compressed air. There are many miles of mains, 
serving customers with air through pipes and 
meters, as gas is distributed, and operating ma- 
chines, large and small, in all lines of industry. 


The loss in conveying air through these mains is 
stated to be only 3 per cent. This system started 
at St. Fargeau Station with a capacity of 2.300 
horse-power. Other stations have been estab- 
lished with a total capacity of 24.000 horse-power. 

Elevators and other engines in the Paris 
Bourse are operated with air; also electric dy- 
namos, distributing currents to incandescent 
lights. In this instance the air is not heated, but 
used cold, and the exhaust furnishes refrigera- 
tion to cold-storage rooms, where meats, vege- 
tables and other products are stored. Butchers, 
caterers and hotels are in this manner supplied 
with refrigeration. The pneumatic telegraph 
postal system has been in use for thirty years in 
Paris for delivery of telegrams. Similar ser- 
vices exist in London, Berlin and other European 
cities. It is gratifying to note the establishment 
of a similar system in this country. In New York 
there are now twelve miles of eight-inch tubes, 
connecting the main post offices of New York 
and Brooklyn, and extending to the New York 
Central Railroad depot. Letters placed in sealed 
carriers are transmitted at a velocity of over 
thirty miles per hour, and the mail front Brook- 
lyn post office, formerly closing two and one-half 
hours before, now closes twenty-five minutes be- 
fore the departure of New York Central trains. 

As the tendency is toward higher pressures, 
liquid air suggests interesting and prolific possi- 
bilities. To an American belongs the honor of 
first producing it in commercial quantities. Its 
use in mechanics is limited, owing to present cost 
of production, which will be cheapened, no doubt. 
It is made by compression and self-refrigeration, 
the latter accomplished by liberating and expand- 
ing compressed air about coils that contain air un- 
der pressure. The temperature of liquid air is 312 
degrees below zero, Fahr. Its chief advantage is 
its compactness in storage, approximately 800 
feet of free air being contained in one foot of 
liquid air. 


STREET RAILWAY JOURNAL. 

August 4, 1900.] 

»♦« 

Compressed Air Cars in New York 


Considerable interest has been aroused by the proposal 
of t'ne Metropolitan Street Railway Company, of Not 
York, to change the type of compressed air motors in use 
on its Twenty- Eighth and Twenty-Ninth Streets Railway-. 
Reference has already been made to the fact that the 1 lardie 
motors are to be used on this line in place of the motors 
which have been employed, and which were described at 
length in the Strklt Railway Journal for June, 1899. 
The reasons for this change can best he explained by a 
brief history of compressed air traction in this country dur- 
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mg' the last three years. About three years ago two manu- 
facturing companies were making vigorous efforts in New 
York to solve the problem of the application of compressed 
air to street car service. One of these was the General 
Compressed Air Company, which was operating three 
motor cars on the 125th Street line of the Third Avenue 
Railroad Company; the other was the Compressed Air 
Power Company, which was owned largely by some of the 
principal stockholders of the Metropolitan Street Railway 
Company. These gentlemen were induced to become in- 
terested in compressed air traction, largely by the hope 
that independent compressed air cars could be used on the 
cross-town lines of the Metropolitan Street Railway Com- 
pany, on which the installation of the underground con- 
duit was practically out of the question on account of ex- 
pense, and on which the installation of the overhead trolley 
was prohibited by the municipal authorities. 

The motors used by the two systems mentioned, and 
which were popularly known respectively as the Ilardie 
and Hoadley systems, were alike in that a high pressure, 
f. e., 2000 to 2500 lbs. per square inch was carried in the air 
reservoir, but differed in practically every other respect. 
In the Ilardie system, two long stroke (14 ins.) single ex- 
pansion engines were carried on the car truck and drove 
directly the wheels of one axle of the car, the other axle 
being connected to the driven axle by side rods. The 
Hoadley motors on the other hand were patterned more 
after an electric motor, so far as the application of the 
power was concerned. Each motor, of which there were 
two on each car, was of the compound type with short 
stroke (6 ins.), and drove a shaft carrying a pinion which 
m turn was geared to the car axle. The two axles were 
thus driven independently, the motors ran in oil, and the 
whole equipment did not differ very much in external ap- 
pearance from an electric equipment. There were a great 
many other variations in practise between the Ilardie and 
Hoadley systems, - as in the method of reheating, etc., but 
those already mentioned are sufficient to characterize the 
two systems as radically different. 

The satisfactory results secured by the Ilardie motors 
on the Third Avenue line, as mentioned above, convinced 
the managers of the Metropolitan Street Railway Com- 
pany that the patents of the General Compressed Air Com- 
pany were essential in securing the best results in com- 
pressed air motor work. As a consequence, negotiations 
were entered into by which a new company, the American 
Air Power Company, was formed to consolidate the in- 
ti rests of the other two. The Metropolitan syndicate con- 
trolled the new company, and though certain modifications 
were made, the general characteristics of the systems used 
on the Metropolitan line remained the same, that is, the 
compound short stroke motor driving the two axles inde- 
pendently. Soon after the consolidation, the services of 
Robert Ilardie were secured by the Compressed Air Motor 
Company, which was a licensee for Wisconsin and Illinois 
of the General Compressed Air Company, and whose 


stockholders still believed in the “locomotive" principle, as 
applied to compressed air traction. The scene of the com- 
petitive trial between the two systems was now transferred, 
the American air power motors being used in New York, 
white the Ilardie motors were employed in Chicago. The 
Chicago motors were used on the North Clark Street road, 
to operate between 12 o’clock at night, when the cable of 
that line shut down, and 6 o’clock next morning, w hen the 
cable was again put in operation. The motors gave good 
satisfaction and frequently hauled a trail car, and some-' 
times two trail cars, with a total of 300 passengers on a 
train. The results secured were so much more satisfactory 
than those in New York that the Metropolitan syndicate 
decided that if success was to be secured in the latter city, 

it would have to be, by following the Ilardie system as em- 
ployed in Chicago. Negotiations were then entered into 
between the American Air Power Company ami the (. ('im- 
pressed Air Motor Company for a second consolidation of 
interests, and resulted in the organization of the C om- 
pressed Air Company, with Mr. Ilardie as chief engineer 
for the consolidated company. Henry D. Cooke, the presi- 
dent .of the Compressed Air Motor Company, was also 
elected president of the new company. This has resulted 
in the retirement of the old equipment on the 1 wenty- 
Eighth and Twenty-Ninth Streets lines, and the placing of 
an order by the Metropolitan Street Railway Company for 
the equipment of the line with the Ilardie motors. 1 lie 
new motors for the Twenty-Eighth and 1 wentv-Ninth 
Streets lines are now being built, and will be in operation at 
an early date. It is the purpose of this article to describe 
the system as it will be employed on this road, as fairly 
representing the best American compressed air practise at 
the present date. 

The compressing station is located at the foot of West 
Twenty-Fourth Street, New York, western 
terminus of the line, and was fully described 
in the Street Railway Journal for June, 
i8tjy. It contains a 1200-lip engine, oper- 
ating directly four-stage Ingersoll-Sergeant 
air compressor, with a capacity of 56,735 cu. 
ft. of free air per revolution, and compress- 
ing to 2500 lbs. per sq. in. This air is 
stored in a series of reservoirs of seamless 
tube llasks in the car house, from which the 
reservoirs on the ears are charged. 

I here are sixteen reservoirs on the ears, 
having an aggregate capacity of 55 cu. ft., 
and weighing 4340 lbs. Fourteen of these 
reservoirs are carried on the truck, and one 
under each seat. From these reservoirs the 
air passes into one common header, and 
from this header is a pipe passing to each 
end of the motor car. The flow of air 
through this pipe is regulated by a stop 
valve under the control of the motorman 
When the motorman opens the valve at 
either end of the car, the air, which is still 
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'FIG. l.— COMPRESSED AIR MOTOR CAR AND TWO TRAILERS, NORTH 
CLARK STREET, CHICAGO 

under 2500 lbs. pressure, passes from the valve to the re- 
ducing valve. 

The reducing valve is illustrated herewith, and auto- 
matically keeps the working pressure uniformly at about 
150 lbs. per sq. in., whether the storage pressure is at its 
maximum or its minimum or at any intermediate point. 

As will be seen, the reduction valve is balanced by a 
hydraulic packed piston (shown below the reduction valve) 
in such a way that a variation in the storage pressure, a.-, 
would be experienced during a trip, does not affect the 
operation of the valve. Ordinarily, double valves are used 
for this purpose, but these rarely give a constant re- 
duced pressure, with a variable high pressure; they also 
give trouble by leakage. As will be seen, there is a spring 
which tends to open the reduction valve, and whose pres- 
sure is balanced by a flexible disc, upon which the reduc- 
ing pressure acts, tending to close the reducing valve. an( ^ 
When this reduced pressure reaches a point sufficiently l ! le 

high to compress the spring, it seats the valve automati- Uor 
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FIG. 2.— SECTION OF REDUCING VALVE 


and the normal working pressure is now sufficient to close 
the valve against the spring and keep the motor in opera- 
tion. 

It will be noticed that the valve itself is connected bv ribs 


'I he cap which closes the opening through which the 
valve is passed into its place is also a cylinder, in which is 
another hydraulic packed piston. The object of this piston 
is to enable the motorman to increase the working pressure 
for starting quickly from a state of rest. Its operation is 
as follows: A pipe connects the space A with the motor- 
man’s brake valve, and when the brake handle is moved to 
a certain position it bleeds the air from pocket A. The 
working pressure then acts on the under side of this piston 
to assist the spring in opening the valve. It now requires 
a higher pressure acting on this disc to close the vglve 
against the combined resistance of the spring and thri-rf 
piston, which higher pressure enables the motor to start 
quickly. As soon as the motor has acquired the necessarv 
speed, the motorman moves the brake handle to the 
notmal running position, which restores the working pres- 
sure in the space A. so that the piston is now in equilibrium 


or wings to a collar on the valve stem. This is done as a 
matter of safety. Should the valve stem break at anv point 
under this collar, the entering high pressure would im- 
mediately open the valve, but the collar entering the seat 
prevents a dangerous rush of air into the working pres- 
sure reservoirs and pipes. It will also be noticed that the 
follower of the equalizing piston has a shoulder which w ill 
permit of 1-iG in. movcpient of the valve in ordinarv work- 
ing, so that the safety collar can never enter the seat unless: 
the valve stent breaks. 

After passing through the reducing valve, the air is ; ,i 
working pressure of 150 lbs., and is then led to the re- 
heater, which is placed in the middle of the truck. Tins 
reheater contains about 5<x> lbs. of hot water, the tempera- 
ture of which at the start is about 320 deg. b\, but during 
a trip this temperature falls sometimes as low as 1 jo deg 
1 he air is passed into the bottom of this heater and escapes 
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into the water through a perforated pipe lying along the 
bottom of the heater. When the reservoirs need to be re- 
charged with air, and the car is run to the charging station 
for this purpose, steam is passed through this same per- 
forated pipe to reheat the water. 

During its passage through the water, the air is heated 
to the temperature of the water, and is then drawn off at 
the top through the perforated pipe T. Die baffle plates 
shown are to prevent a swash of water caused bv the car 
oscillation. 


RIGHT CYLINDER 



FIG. 3.— TYPICAL INDICATOR DIAGRAMS AT DIFFERENT 
NOTCHES 


Die efficiency of reheating is illustrated by the following 
test: A motor was run two trips, as far as possible each 
trip, on a full charge of air, first without heat and after- 
ward with heat, covering 8 miles and 15 miles respectively; 
showing that the additional 7 miles were obtained from 
the heat, and careful, measurements showed that the 
amount of heat used was y8,ooo heat units. In ordinary 
practise, from 10 to 12 lbs. of coal will supply this amount 
of heat to generate steam in steam boilers. As this amount 
of steam injected into the water in the heater will restore 
the 98,000 heat units, it follows that the additional 7 miles 
w ere obtained on an equivalent of from 10 to 12 lbs. of 0 >al. 

Returning now to the cycle of operations, the air, which 
is now at .about 150 lbs. pressure, and at a temperature of 


about 320 deg. F., passes from the perforated exit pipe 1 
to the throttle valve of the motor, and thence to the v.a 1 ' e 
chest of the engine in exactly the same way as steam in a 
steam engine. 

The valve chest of the engine cylinders contains two 
valves, one the distribution or main valve, anil the other 
the cut-off valve. These valves are operated in such a man- 
ner that any degree of cut-off can be obtained, as illus- 
trated by the indicator diagrams. Compressed air litis tins 
.advantage over steam, that it does not condense during ex- 
pansion in the engine cylinder. Therefore, expansion may 
he carried with economy clear down to atmospheric pres- 
sure. To do this in a steam engine would cause what is 
known as cylinder condensation. Steam engines are com- 
pounded principally to reduce this cylinder condensation 
to a minimum, but this is not necessary with compressed 
air. 

It was necessary to contrive a valve mechanism which 
would not be too complicated to operate, and yet obtain 
the best results. The valve mechanism which is attached 
to these motors is illustrated in Fig. 4. The usual Stephen- 
son link motion is used to operate the main valve, but on 
the outside of the link there is an arm a, looking down as 
well as up. At the lower end of the lower arm’ is attached 
the lower end of a floating lever, f . The upper end of lever 
f receives a reduced motion, which is the opposite of the 
piston, through the lever g and link /, lever g being pivoted 
by a bracket attached to the frame at the point p. It will 
be observed that the lower end of floating lever / receives 
a motion directly the opposite of the main valve, and that 
its upper end has a motion directly the opposite of the 
piston rod. This lever g is attached to the cut-off rod at 
the point m, and gives to the cut-off valve a motion which 
is the resultant of the other two. The consequence is that 
when the main valve is traveling in full gear, the cut-off 
valve is also traveling at its longest stroke, and gives the 
earliest cut-off. When, however, the link motion is "cut 
back” so as to reduce the motion of the main valve, it gives 
a later cut-off. The indicator cards, shown in Fig. 3, in- 
dicate the effect of this. The first notch indicates the full 
travel of both valves, and each succeeding notch a reduced 
travel of both valves, showing a later cut-off. It will be 
observed that the latter grader show some terminal pres- 
sure which produces an audible exhaust, but these grades 
of cut-off are used only for starting the motor, and the 
lever is immediately moved to a position corresponding 
with either of the first three notches, according lo the 
power required, which depends upon the loads and grades. 
It will be observed while cutting off at the earlier notches 
there is a freer exhaust, which will more readily free the 
cylinder when' going fast. In the ordinary locomotive the 
cutting off is effected by the link motion only, with the 
result that the exhaust openings are diminished. 

It will also be observed that the various grades of cut- 
off within the control of the motorman are effected by the 
same lever which reverses the motion, thus simplifying the 
operation of the motor very materially, and bringing it 
within the comprehension of the average street raihvav 
employee. 

The weight of the entire equipment is said to be practi- 
cally the same as an electric equipment, and all parts are 
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Results of Distriiii.tion Obtained iiv IIardie Valve Gear for Three Positions of Link, with 3-16 in. Inside and 
Outside Lap of Main Vai.ve and 11-16 in. Negative Lap of Cut-off Valve 
Admission Ports i'/z ins. x ins. Cvl. 6 '/ 2 ins. x 12 ins. 


First Position 

Main Valve (Full) Travel 2 in.; Cut-off Valve Travel 2 in. 
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Si-xond Position 
Main Valve Travel in.; Cut-off Valve Travel 1 11 1G in. 
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* Cut-off at 47 deg. Average pislou travel, 1.01 in. 


Third Position 

Main Valve Travel 1 in.; Cut-off Valve Travel in. 
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Main cut-off and compression crank angle, 118 deg. 
Lead angle of crank — f ont, 12 deg.; oack, 12 deg. 

1 

Point of cut-off, not including clearance, of stroke 

1 

Point of cut-off, including clearance, of stroke 
Greatest port opening, 7-1G in. 

Relative travel of main and cut-off valves, in. 


Main cut-off and compression crank angle, 138 deg. 
Lead angle of crank — front, 13 deg.; hack, 13 deg. 

Point of cut-off, not including clearance, ^ of stroke 

1 

Point of cut-off, including clearance, of stroke 
Greatest port opening, X in. 

Relative travel of main and cut-off valves, 2 11-16 in. 


Main cut-off and Compression crank angle. 117 deg. 
Lead angle of crank — front, 18 deg.; back, 18 deg. 

1 

Point of cut-off, not including clearance, j, of stroke 

1 

Point of cut-off, including clearance, of stroke 
Greatest port opening, 0 32 in. 

Relative travel of main and cut-off valves, 1^ in. 


The variation of cut-off is effected by changing position of revor-e lever (sec nlrtA'e sketches), and grades of cut-off are obtainable between those given in the tables, 
the earliest grades being when lever is full over, so as to give valve full throw. In this position there is also the greatest amount of lead. Cut-off, including clearance, means 
piston travel at cut-off + clearance 

t- — : clearance in cylinder, 4 per cent. 

stroke of piston + clearance 

Inside and outside lap being equal, main valve cut-off and compression fake place at the same point. 

1 he greatest port openings noted above are taken al the point where cut-off and main valve openings are equal, the cut-off* closing while the main valve is opening. In the 
earlier gradesthis lakes place near beginning of stroke when piston is moving slowly, and in the later grades when motor is moving slowly. 'I' he re is always ample exhaust opening. 
Readings were taken at equal crank angles for convenience, but valves would be set to cut-off at equal piston movements from each end ot cyl. 





FIG. 5 .— SECTIONS OF REHEATER 


flexibly supported on the axle box by means of lour serm- 
elliptica! springs, after the most rtio'feni locomotive prac- 
tise. This support is entirely separate ironi that < > 1 the car 
bodies, which are carried on a different set of springs root- 
ing on the frame of the truck. In this use of flexible 
suspension, the system differs radically from the former air 
motors used on the Twenty-Eighth and Twenty-Ninth 
Streets line, where the case carrying the motors rested di- 
rectly on the axles. 

T here remains now only one portion of the equipment 
tu be described, i. c., the air brakes. The air brake cylinder 
is illustrated in section in Fig. 6. In applying the brakes 
a.ir is admitted to the annular space R, around the hollow 
piston rod, and to release the same air is made to pass to 
the other side of the piston from T around through V, thus 
equalizing on both sides of the piston. Having a larger 
area to act upon on the other end, the brake is released at 
•nee. the air escaping silently through the small opening 

and out to the atmosphere through the openings at IE, 
at the end of the plunger 

The Twenty -Eighth and Twenty-Ninth Street railway is 
mm being operated by horses pending the change from the 
I loadley-Knight to the liardie motors. There is evt rv 
reason to expect that these new motors will he successful, 
because Mr. Hardie has had more experience in this line 
than any other engineer in the United States, and has made 
the subject a special study for years. He has, moreover. 



held many responsible positions, and stands high in the 
profession. His Standing among engineers is well ex- 
pressed in the following extract from Compressed Air: "His 
mechanical ideas are marked by much individuality, the 
elements of simplicity being prominent. It is doubtful if 
any one has had as much experience as Mr. Hardie in 
pneumatic traction, and he is the acknowledged authority 
on the subject.” 




jjcituJifu ^racman. 


August 25, 1900. 


COMPRESSED AIR TRACTION IN NEW YORK CITT. 

A 11 important change is being effected in the com- 
preyed air system of traction on certain lines in this 
city, by the substitution of what is known as the 
Hardie motors for those now in operation, which were 
built under what are known as the Hundley patents. 
What might be called the modern development of com- 
pressed air traction in New York dates from about 
the year ls9~, when the promoters of the two types 
of motor mentioned above were engaged in active ex- 
perimental work, the Hardie system being tried on the 
Third Avenue Railroad, and the other on the lines o( 
the Metropolitan Street Railway Company. Both 
motors operate under extremely high pressures of from 
2,009 to gfiOO pounds to the square inch ; but here 
the difference ends. In tile Hardie system two long- 
stroke, single expansion engines are employed, winch 
are directly connected to one axle of tile car, the 
other axle being driven by side rods. The air, after 
being reduced to the working pressure by a reducing 
valve, passes through a tank of hot water, and is then 
led in a super heated condition to tile cylinders. The 
Hundley motor differs from ibis mainly in the fact 
that a complete t wo cylinder, compound engine is 
earned on each truck and drives a shaft which is 
geared down to the ear axle. Instead of passing the 
air bodily through the tank of hot water, a small jet 
of water is sprayed into the air pipe between the re- 
ducing valve and the cylinders. 

Tne Hundley system was adopted by the Metropoli- 
tan Street Railway Company, while the Hardie system 
has been for some time in successful operation on the 
North Clark Street Railroad. Chicago. The recent amal- 
gamation of the two companies has resulted in t lie adop- 
tion of a motor designed chiefly upon the lines ot Hie 
Hardie system, which will shortly replace tile motors 
now in Use upon the crosstown lines of the Metropoli 
tan Street Railway system. Tire present compressing 
station, which is located at the foot of YVest Twenty- 
fourth Street, will be utilized, and it is expected that 
before very long the new motors will he in operation. 
Mr. Hardie, who is the chief engineer of the Consoli- 
dated Compressed Air Company, which now has eon- 
fro! ./the patents covering both systems, is one of t tie 
oldest amt ’Most indefatigable workers in the lield of 
compressed air fraction, and the success of the new 
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Tiit' capaeit y ot the shaft-motor is equal to fully double iij those w ho are specially interested .ire referred to the Colliery 

present vvurk, and the slope-motor is working at hut about ono* Bi.y'iinrr and Metal Miner , Scranton, l’a., tor May, 18GG, and to 

third of its capacity, while the compressor is doing all that h I,lt ' ^'T ort lor 1 of the Pennsylvania Bureau of Alines, pp. 

can, und a second one was ordered April 7, To operate 1 (, 4 1o 

the plant to the full capacity of both compressors, which, under STREET RAITAVAY TOURN’-M 
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air and run about the railroad yards and used for switching, etc. 
For such purposes, however, specially designed machines are 
better. 

Limited space precludes any but the most general review of this 
important subject, and certainly nothing is more important to 
street railways titan the question of a power which can be economi- 
cally applied to all conditions of service, and which is of so simple 
a character as to make its operation and maintenance equally 
economical. Recently, however, it has been given serious con- 
sideration, and all the claims made for it have been fulfilled. It 
has proved itself reliable, unchanging, and where it has once per- 
formed a service it has always, under the same conditions, con- 
tinued to perform that service. Unlike steam, compressed air does 
not have to be used as it is generated. It can be stored up, and is 
realty for use when needed. Compressed to any required degree, 
it will always return to its normal atmospheric density. 

Briefly described, the construction and operation of an air car is 
as follows: 

lhe most approved form of motor now in use in this country, 
and of which a number have just been constructed for the Metro- 
politan Street Railway Company, of New York, for its crosstown 
lines, consists of two small reciprocating engines underneath the 
car body, eacli connected directly to one pair of the car wheels, ac- 
cording to tlie most approved form of locomotive engineering 
practice. The pair of wheels so driven is connected by parallel 
connecting rods to the other pair of wheels, tints making all the 
wheels under the car drivers. The air, before passing into the 
cylinders of the engine, passes through a reheating tank of water, 
heated to an initial temperature of 300 degs. The reheating of the 
air before use returns to it all, or a very great portion of, the beat 
units which were taken from it during compression. To illustrate 
this, a test was made of a motor in Rome, N. Y. This motor, 
which carried 35 cu. ft. of storage, was run with cold air, until all 
the air was exhausted, and covered only 8 miles. Afterward, the 
same motor was run, using the reheating apparatus, and 15 miles 
were covered. The heating of the water in the tank is done by 
attaching a steam connection directly from the boilers which 
furnish steam to the compressors, to the reheating tank on the 
mutor, and passing the live steam into the water. 

In order that the minimum amount of difficulty might be ex- 
perienced by the average motorman, a controller was devised, 
which, in appearance and operation, is very like ail electric con- 
troller. An air brake is one of the features of these motors, and 
an ingenious contrivance in the way of a starter, is also controlled 
by the brake handle. The valve motion is exceedingly simple, and 
gives a range of cut-off of from i-ioth to jsths of a stroke. There 
is no appreciable exhaust, and the operation of the motors is prac- 
tically noiseless. The air brake used on these motors is operated 
from air stored on the car, and is absolutely noiseless, both in its 
application and release. Being operated by the same handle which 
stmts the ear, there is no danger of the motorman leaving his 
brake on and trying to start the car at the same time. 

Cars of this type are in their sixteenth month of operation on the 
North Clark Street cable line in Chicago, doing the night or owl 
service on that line, and sometimes hauling two trail cars. Dur- 
ing the severe winter weather and snow storms which prevailed in 
that city last winter the compressed air cars were the only ones to 
perform their regular schedule. Compressed air cars have been 
in use in France for several years, and also in Switzerland, and in 
some places in those countries are used to haul two and three trail 
cars, but the American motors are pronounced by both our own 
engineers, and engineers front other countries, to be far superior 
to those of European manufacture. 

The storage tubes under the car are of mild steel, capable of 
withstanding a pressure of 5000 lbs. to the square inch. Bottles 
of this character are used, both in the power house and on the car; 
the initial pressure in the power house being about 2500 lbs., and 
on the cars about 2000 lbs., which pressure on the cars is. bv 
means of a reducing valve, reduced down to about 150 lbs. to the 
square inch before going through the reheating tank, and thence 
passing into the cylinders. It will be seen, therefore, that there is 
a. ample factor of safety allowed by the storage tubes, and all pre- 
cautions which can be are provided. It is apparent that the 
farther the cars travel the greater the factor of safety hecmies. 


1 In storage on the car is underneath the seats, or the car lh ,, ,r. 
and the cars, in appearance, resemble the standard Broadway. New 
York, cars, none of the storage or machinery being in sight, and 
no paying space being taken up by either. 

\\ c now come to the power house: Air compressors, driven lo- 
an economical stationary steam engine, or lay water or other 
power, compress the air from atmospheric to 2500 lbs. pressure, to 
the square inch, and as the air is compressed, it is stored in a 
battery of steel bottles of the character of those above mentioned 
Dining compression, however, great heat is developed, and a sys- 
tem of water jacketing is used which reduces the temperature of 
the air to that of the surrounding atmosphere. By means of a 
special separator all the moisture contained in the air is separated 
from the air as it passes from the compressor to the storage, thus 
securing perfectly dry air. It is well known that expanding uas 
or air develops an exceedingly low temperature, but the use of the 
separator, removing all water from the air before storage, obviates 
freezing upon expansion, and the passing of the air through the 
hot water before use in the working cylinders restores to the air 
the heat units which were taken from it during compression, and 
also furnishes enough moisture in the form of steam to a^si-t m 
lubricating the cylinders. The exhaust from the engine cylinders 
never falls below 70 degs. 

In order to recharge the storage on the car it is only necessary 
to connect the storage in the power house with that on the car, 
and equalize the pressure between the two. This is usually done at 
the end of a run, and while the car is waiting, and takes about two 
minutes. In Chicago, however, this is done 'Oil the street, and 
while the car is on its route, and has never caused any delay or 
.stoppage of the service, even though done while the air cars were 
running between cable trains. 

During the last four years experimental and actual demonstra- 
tion of air cars in the service have reasonably determined the fol- 
lowing facts, viz.: 

"i hat the cars operated in Chicago during a period of six months 
consumed an average of 409 cu. ft. of free air per car mile, and 
that the cost of maintenance of these motors is much less than that 
of the ordinary steam engine, as there is no boiler to be cared for. 

We have been furnished figures by the most responsible builders 
of air compressors in this country, estimating on a volume of 6800 
cu. ft. of free air per minute, which should be sufficient to oper- 
ate one hundred cars, which show that 2.8 cents will compress 
1000 cu. ft. of free air to 2000 lbs. pressure. This estimate is ap- 
proximate for local conditions, and coal is figured at $2.90 per 
ton for a twenty-four hours’ service, taking 2 lbs. per hour for in- 
dicated horse power. This includes attendance of engineers, help- 
ers, firemen and laborers, and also for oil and waste, and allows for 
10 per cent per annum for depreciation. 

It is believed that compressed air cars have a place in every 
large system already installed, whether cable or electric, either for 
performing night service where it is not advisable or economical 
to run a large plant for the operation of a small number of cars, or 
where feeder or crosstown lines are necessary, and the installation 
of the overhead or underground trolley would not be permitted. 

In brief, the advantages of compressed air for the operation of 
street railways may be summed up as follows, viz.: 

1. A system of independent motors, which, after receiving their 
charges, do not rely upon the power plant, and which will always 
finish their run, should anything happen to the power plant; which 
also do not need any special outdoor construction, either under- 
ground nr overhead, with the attendant cost of maintenance 

2. Slow moving machinery, both in the power house and on the 
car, which is easily maintained. 

3. Opportunity for charging cars, and storage in power house, 
during light hours, fur use during the rush hours. 

4. Spring-supported motors and load, doing away with excessive 
jarring and pounding on the track, and thus greatly prolonging 
the life of the roadbed, the life of the motors, and contributing to 
the easy riding of the cars. 

5. Low first cost of plant; low cost of maintenance, and oppor- 
tunity for making repairs and adjustment without stopping opera- 
tion of cars. 

6. Freedom from liability of delay in transit from snow, ice or 
sleet. 

♦♦♦ 
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October 13, 1900.] 

Compressed Air Cars in New York 


llu.' new type of compressed air cars being used by the Metro- 
politan Street Railway Company, of New York, and maimfactttred 
by tbe Compressed Air Company, under the I Cardie patents, have 
been put in operation on the Twenty- Eighth and Twenty- \ i ml, 
. tieets line. I he cars differ considerably in appearance from 



AIR MOTOR CAR IN NEW YORK 

those formerly used, as will be seen from the engraving herewith. 
1 he chief feature of difference to the ordinary observer is the use 
oi connecting rods. I he motors, however, as well as the gen- 
era. method of using the air, is quite different from that formerly 
employed, as was fully described in the Street Railw ay Journal 
Mr August. 

In actual service on the street a wooden screen, shown raised m 
file cut, covers the upper part of the truck and connecting rod. this 
baling been considered more desirable for eitv service 


per day, with the present equipment of twenty cars. With the 
same charging and power plant, however, and but little increase in 
cost of coal and labor, from sixty cars to eighty cars could he 
operated. The length of the round trip is s'A miles, and two trips 
can he made on one charge. In fact, 15 miles has been covered 
without recharging, hut this is rather too much for ordinary practice 
with the reservoir capacity installed. 

1 lie immense cost of conduit construction on the cro-stown lines 
in New York renders some self-contained method of propulsion a 
necessity. From the above figures it would appear that the Ilardic 
system may prove a satisfactory solution to the problem. 


SRJ 1901 vol. xvii ao. 15 

Compressed Air Cars in New York 

The compressed air cars which have been in operation mi 
Twenty-Eighth and Twenty-Ninth Streets for several months 
past have been withdrawn and the old horse cars substituted. The 
traffic on this line has increased enormously since the introduction 
of the compressed air cars, being far beyond the anticipations of 
either the railway company or the makers of the motors. The re- 
quirements of the service, have, therefore, proved too great for 
the capacity of the motors, and the cars have been withdrawn in 
order that larger equipments, which are now in course of con- 
struction, may be substituted for the ones which have been found 
inadequate. During the six months in which these cars have been 
in regular service, .the twenty cars on the line have carried over 
3,000,000 people, and the rough handling which is incidental to 
the operation of all unfamiliar mechanisms, as well as the ex- 
cessively severe service, has rendered it advisable to temporarily 
suspend the service. It is expected that by May I the new equip- 
ments will have arrived and that the service will then be reinstated 
on a more satisfactory basis. 

STREET RAILWAY JOURNAL. 

May ii, 1901.] 


SRJ 1900 vol xvi no. 51 

The Operation of Compressed Air Cars in New York City 

Ihe Metropolitan Street Railway Company took formal control 
li,c cars > charging station, etc., of the Twenty-Eigthth Street 
and Twenty-Ninth Street line on Dec. 6. The Hardie system has 
been used on this line since Sept. 26, and the compressed air com 
Tuny which controls this system has been operating the cars A 
great amount of data regarding the running expenses, speed, capac- 
uy of the reservoirs, etc., have been collected during the thru, 
months that the cars have been running, which has been carelully 
.•.implied, and much interesting information obtained. From Sept 
10 Lee. 16 the cars traveled 139,057 miles and carried 1,496. 2! ->7 
1 sis -eiigers, the maximum number of cars operated at any one time 
being twenty. Careful records were kept of each of the 25,28; 
trips, and from them t lie following estimations were made: Re- 

pairs, including material, supervision, machinists and workmen, ad- 
justing valves, piping, repairing brakes, rods, brasses, etc., $55 
per day, or 2 cents per car mile. Charging expenses, including oil, 
waste, foremen, charging gang (two shifts), oilers, cleaners, etc., 
$2-8 Her day, or 1.60 cents per car mile. Rower house expenses, in- 
cluding engineers, coal passers, firemen, oilers, pipe fitter, machinist, 
etc., 16 tons coal per day, oil, waste, etc., $82.50 per day, or 4.71 
cents per car mile. These figures are made on a basis of 1750 miles 


♦♦♦ 

Compressed Air Accident 


New York, April 30. mui 
Editors Street Railway Journal: 

I send you herewith copy of letter written me yesterday by C.T 
Ashley W. Cole, chairman of the State Hoard of Railroad Coni 
inissioners of the State of New York . in regard In the breaking 
of the reheating cylinder on Car No. 502. on Twenty - Fnnn h 
Street, on March 20. The report from which he quotes is a emu 
plete vindication of air in this matter, the newspaper ae. 'mints m 
which were so grossly exaggerated. This ear was in service the 
next day, with a new reheating cylinder, with the pipe referred 
to specially held on brackets ui the center of tbe cylinder in a 

manner to absolutely prevent the possibility of a recurrence of the 
accident. 

1 bis ear was one of twenty which were operated for six months 
and two weeks on Tin ntv- Eighth Street and Twenty-Ninth 
Street, this city, during which time they carried 3.250.829 pas- 
sengers, and on the last day of service these cars carried an aver- 
age of more than 1 100 passengers per car, one carrying as high as 
T '73 passengers, another 15(16 passengers, another i486 passengers, 
etc. 
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A;r i-;-.!--, haw 'mu! ; uti ■ >r ! 1 1 i i] g the night service on the North 
' Ark S 1 1 ti t hue ol the l nimi ! faction Company in Chicago for 
"M-r " ye, u>, am] are -tail running, and giving good satisfac- 
tion I Uf street car sy-tem o! Rome. N V , is entirely operated 
hy air care, and air tars were successfully operated on 125th 
htrut tit is city, for one year. Henry L>. Cook. President 

[C< >J’Y OF LETTER ] 

State of \ i \v York, t 

Board ok Railroad Commissioners, [■ 
At, many, N. Y., April 29. 1901 ) 

Henry I). Cook, 

Eft -nlcr.t Compressed Air Company, New York City. 

E'er Sr — Referring to your letter of inquiry concerning tin 
acerb t : on d \\ enty- h ourth Street, on March 2y, would say that 
tin- caused by tile bursting of the reheatt r cylinder, a- will tie 
-w- '-r - ::i .tin- udloumg extracts from the report of the steam and 
<-b ■ irva' expert's of the Board of Railroad Commissioner-; 

'll' accident which ouuirrcd on car No. «yj was can-id by the 
bur-png of ihc reheater cylinder. * » » 

"]’"- was imdouliti d!> due to the lower perforated pipe in tin 
cyh'i-r becoming broken tront it- iastetiings and lying t < .. »s.t- on 
tlm j».;tiiii] of the cylinder, and oscillating on the plate of t'n 
cyiinc. r The oscillation was caused by the motion of the car 
and tin action of the air entering the cylinder. A groove had been 
lu rn ;n tlu- steel plate of the cylinder as perfect and true as though 
dot.,, by a tool, reducing the thickness of the middle of the cylin 
dt r t. . !e-s than I - 1 0 in. * * * 

It Mill he seen from the above description of the operation o‘" 
wm; n--scd air as a motor power for street surface cars, that this 
ua- u-'t an explosion caused by compressed air under high pres 
. utained in the 1 re.-ervoir.- on the car, but was the fracture o’ 
a I-. -c:\uir containing hot water and compressed air at a pressure 
■ ■ : : ' more than t-o lbs. to the square inch 

"'.Signed) Asiii.ey \Y. Cole, Chairman." 


STREET RAILWAY JOURNAL. 

December 28, 1901.] 



Compressed Air Car Operation 

Some very interesting results are shown in a statement of op- 
erating figures, made by the Rome (N. Y.) City Street Railway. 
Compressed air cars, made by the Compressed Air Company, 
New York, have been operated on this line with great success, al- 
though the traffic conditions of the city are such that the present 
plant is not giving the most economical service. With one-third 
more mileage required no additional expense would be incurred, 
except a slight increase in coal consumption The statement re- 
cently compiled and given below contains a record of the cars for 
November, 1901, during which month traffic was suspended for 
two days on account of the condition of the bridges over the 
canal. 

OPERATION OF COMPRESSED AIR CARS. 

ROME, N. Y . NOVEMBER. 1901. 

CAR No. 105; 7S CU. FT. STORAGE; AIR BRAKE 


Number of days in service 28 

Number of miles run 2.74.1 

Average miles per day y8 

Average feet of free air per mile 737 

CAR No. 10$; 73 CU. FT. STORAGE; AIR BRAKE 

Number of days in service 28 

Number of miles run 2,436 

Average miles per day 87 

Average feet of free air per mile 641 

CAR No. 575; 78 CU. FT. STORAGE; AIR BRAKE 

Number of days in service 28 

Number of miles run 2,500 

Average miles per day 91 

Average feet of free air per mile 707 


CAR Nr, 578; 78 CU. FT. STORAGE; HAND BRAKE 


Number of days in service 26 

Number of miles run 2 

Average miles per day 88 

Average feet of free air per mile. 711 

During the month the general average per car mile for all cars 
was 704 cu. ft. of tree air. 

Total cost of operation of, and repairs to power plant 

and cars, exclusive of motormen and conductors. .. $951.99 
Cost per car mile, free air consumed, including all ex- 
penses 08 2 

Cost of repairs per car mile .01 1 


Total cost of operation ,00 5 
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COMPRESSED AIR IN MINING 

for frilling, hailing, hoisting, and pumping 

By Edward A. Rix 

< OMI'KF.."! D AIR ICR MIND HAULAGE 

When the distances in a mine be- 
come great the cost of tramming ore 
and waste becomes quite an item. The 
length o! time necessary for a round 
trip make- it d i rri cult to handle the 
quantity, and man haulage gives way 
to a train d cars hauled by animals. 

Steam motors cannot be used, on ac- 
count of their heat and smoke. 

During the last ten years a great 
many mines have replaced animal haul- 
age with compressed air motors, which 
lend themselves splendidly to the work 
desired. There are, in general, two 
sytenis, — the low-pressure system, in 
which air is compressed to five or six 
hundred pounds: and the high-pressure 
system, with air pressures of 2000 
pounds and over. The former system 
can be used in large galleries or tunnels 
or drifts where the width is ample and 
the track is reasonably straight. This 
permits a large receiver on the motor, 

30 to 40 inches in diameter and from 8 
to 1 6 feet long, to be handled wdth ease. 

The high-pressure system is used where 
the drifts are narrow or the curves on 
a small radius, permitting only a small 
wheel-base on the motor. Large re- 
ceivers are, therefore, impractical, and 
steel tubes must be used and charged 
with high-pressure air to get sufficient 
volume. 

Compressed air may be used cold on 
either of these motors, or the air inav 
be passed to small tanks of hot water 
supplied to the motor at the charging 
stations. 

The air and hot water combination 
does almost double the work that cold 
air will do. These motors can carry 
sufficient air for any ordinary run de- 
sired and haul tremendous loads. Two 
miles and return, with fifteen or twenty 
loaded cars, is not an extraordinary 
effort, and from the general results ob- 
tained, the cost of haulage is from one- 
half to one-third of the cost of the animal 
power. The air escaping from the ex- 
haust of the motor engines adds to the 
ventilating effect in the mine and the 
whole system harmonises thoroughly 
with the power outfit in the average 
mine. 

During the year 1900 the writer was 
given the opportunity at the Morning 
Mine, at Mullan, Idaho, U. S. A., of in- 
stalling upon their property a typical 
modern mining plant and one which con- 


tains most of the salient features that are 
considered important in compressed air 
engineering. A brief description of the 
plant, which, aside from being interest- 
ing from a compressed air standpoint, 
employs now the largest tangential 
water-wheel in the world and shows 
how three different heads of water can 
be harmonised on one compressor shaft, 
may not be inappropriate here. 

The considerable cost of fuel to oper- 
ate the steam-power compressors at the 
mine determined the management to 
utilise the water-power in the neighbour- 
hood to drive a compressor large enough 
for future needs. Surveys of possible 
water-power were made long ago. am! 
eventually a site was determined upon 
near Mullan which made it possibb to 
utilise three water- powers: first, that oi 
the Cteur d'Alene River, bv building a 
dam and headgates just below the Morn- 
ing mill and carrying the water in a 
flume to Grouse Gulch, giving 140 feet 
of pressure: second, by taking up the 
headwaters of . Grouse Gulch and con- 
ducting them to a favourable point so 
as to obtain a fall of 1420 feet: third, 
by similarly taking up the waters of St. 
Joe and Rock creeks and obtaining a 
head of 1140 feet. The total capacity 
of these three sources would give a 
minimum of 1100 horse-power during 
the season of the lowest stage of water. 

The river flume is built of planed 
lumber, and battened inside and cov- 
ered. It is 5 feet wide by 4 feet high 
m the clear and about 8000 feet long, 
delivering into a steel pipe 42 inches in 
diameter and 400 feet long, reaching to 
the power house. The Grouse Gulch 
pipe line is 7350 feet long, containipg 
2000 feet of 9-inch and 5350 feet of 

8- inch standard pipe. The Rock Creek 
water-line consists of 2645 feet of S-inch 
standard pipe. All of these lines are 
well anchored and completely buried. 

The compressed air line consists of 
9500 feet of i2U<-inch inserted joint 
pipe, which reaches to what is known 
as Station No. 6. From there two 

9- inch branches are made, one into the 
No. 6 tunnel, which, when completed, 
will be 1 o, 200 feet long, and one branch 
of 9-inch pipe to No. 5. 11,700 feet 
long and into No. 5 tunnel 1500 feet, 
making a transmission of 22,700 feet to 
the present workings. 

The compressor is designed to run 
100 drills, and, owing to conditions rel- 
ative to power, has offered a very in- 
teresting problem in compressor con- 
struction. On the main shaft of the 
compressor is mounted, as previously 
stated, the largest tangential water- 
wheel in the world, being about 33 feet 
in diameter. : The rim is made verv 


♦In addition t‘- the i lustrations of this pia t on 
pages 34 f and 34S rf this article, it may he interest'll^ 
to refer aisu to the elevation and plan given on page** 
^34 and 435 in the article on “ Water 1 ’o'ur in Min- 
ing,” elsewhere in this issue - Till' Ei iiOK. 



heavv to serve as a fiv-whegi. and the 
diameter is a compromise between tne 
requirements of the two higher heads, 
taking eighty revolutions of the wheel 
as the standard number of turns. This 
wheel will give the tremendous rim 
speed of more than sooo feet per min- 
ute, which has required special con- 
struction of the highest grade. 

Two separate pipe lines convey the 
water to the nozzles at the periphery of 
th e large w heel, and each nozzle is con- 
trolled by a suitable high-pressure gate 
valve and its by-pass, to prevent shock 
to the pipe line. The nozzles also have 
deflectors, so that the water streams 
maw in an emergency, be thrown, from 
the wheel by the station operator. On 
the other side of the large wheel aie two 
i i -foot 1’elton wheels to receive the 
water from the Co ur d'Alene River, at 
a head of 140 feet, the total capacity 
of these two wheels being about 1 200 
H. A 

The compressors are compound, 
compressing the air in the first stage to 
twentv-nve pounds and delivering it 
into the mains at ninety pounds, the 
heat generated bv the first compre.-sion 
being absorbed in a double set c: inter- 
coolers placed in the tale-race o: the 
low-pressure wheels. The compressor 
cylinders are. respectively, 32 *_ and 18 
bv 42 inches stroke, so that the piston 
speed of the compressor is 560 feet a 
minute, which is practically the limit of 
compressing speed. While this speed 
might not be disadvantageous to a 
single-stage compressor where the de- 
livery occurs at or near the end of the 
stroke, in a compound compressor for 
the above pressures the delivery valve 
must open at about the centre of the 
stroke where the piston speed is 50 per 
cent, higher than the average. The 
delivery valves are thus compelled to 
open when the piston is moving at 
somewhat over 800 feet a minute. 


This presented a unique problem for 
valve construction, which has been 
solved in this instance by a very com- 
plete and satisfactory valve gear. 
All of the foundations are elaborate 
and expensive and are three separate 
stories in height They are pierced 
by tunnels, and will be lighted so that 
any portion may be inspected at any 
time. 

The intercooler is unique in char- 
acter, and consists of a large number of 
1 ^{-inch brass tubes, about 1 8 feet long, 
in a reservoir of water situated in the 
middle story of the foundations, flooded 
by backwater from the low-pressure 
wheels. Perforated floors under the 
intercoolers permit continual circula- 
tion, and are arranged to take away 
any sand which may be deposited. 

The compressor is also fitted with an 
aftercooler, and underneath the cylin- 
ders and main frames a wide channel in 


the concrete is made, through which 
water continually flows to take away the 
immediate heat from the discharge 
valves, and to take away the discharge 
from the water circulations and also 
the oil and dust refuse. Each cylinder 
has two independent water circulations 
and each head has an independent water 
circulation. No expense has been 
spared to make this a thoroughlv first- 
class and satisfactory installation. 

The plant has realised all expecta- 
tions. The temperatures in the com- 
pressor are remarkably low, indicating 
efficient working. The pipe line is per- 
fect, and was tested to 160 pounds water 
pressure before turning in the air. It 
is seldom that a compressor has an op- 
portunity to pump into so large a reser- 
voir, namely, 12,000 cubic feet at pres- 
ent, but which will be, later, about 
17,000 cubic feet. At present the 
reservoir holds 100,000 cubic feet of 
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free air at ninety pounds pressure, or 
about 10,000 stored horse-power, cal- 
culated on the basis of a reheated econ- 
omical motor. It will be interesting to 
those who are contemplating com- 
pressed air transmissions to know that 
the loss in this four-mile transmission 
may be neglected. The Morning Mine 
closed down the old compressors and 
found, upon turning in the new line 
that it took about 2000 cubic feet of 
free air to do their present work. This 
amount passing through the pipes 
showed no appreciable loss on the 
gauges. It was not one pound at the 
most. 

There appear to be six general forms 
of compressed air pumps:— First, dis- 
placement pumps for full pressure only ; 
second, displacement pumps using ex- 
pansion: third, direct-acting pumps for 
full pressunt.* onlv; fourth, direct-acting 
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pumps- using cxj anston . tilth. an l;lt 
pumps, s i i n j >ie ami combined with dis- 
placement cbambi .. i s ; and Sixth. pumps 
operated bv independent i ; ; < > t » • : - . 

In the hi's; si vie of pump, illustrated 
bv the Merrill type, two chambers are 
employed. submet peel in the water, the 
compressed air being admitted d’.rectlv 
t- the chambers and displacing tile 
water, the chambers acting alternately. 
With such a pump an efficiency oi 
about cc per cent, has been claimed, 
which is better than most ordinary 
direct-acting pumps w ill do with cold 
air. One can reiuiilv see. however, that 
this s'.vle of jiump exhausts its chambers 
into the atmosphere! at full pressure and 
all the exjtjfnsive work contained in the 
air is bst. 1 his svsttm Conim iiimltd. 
however, can be made \ erv etncient. 

]r. pumps of the second class, ex- 
emplified bv tile Harris svstem, the am, 
after displacing and raising the water as 
above, instead of being at once exhausted 
into the atmosphere is allowed to do work 
in expanding against the compressor 
piston, and thus, practicallv speaking, 
all its expansive energy is saved; but 
the manufacturers admit the losses in 
leakage and friction to Lie about 15 per 
cent. This is a very interesting and 
efficient svstem, and may be justly en- 
titled to an efficiency of from 60 to 70 
per cent. It should prove a very desir- 
able svstem for mine station pumping. 

In the third system we have a type 
of direct-acting pumps which are gen- 
erally given a mechanical efficiency of 
65 per cent, and an actual efficiency of 
from 15 to 22 per cent. They use the 
air at full pressure only. If a pump 
uses full pressure only, it is evident that 
the more full pressure a compressor 
diagram shows, the greater will be the 
efficiency of the system: the lower the 
air pressure, the less the compression 
work and the greater the proportion of 
full pressure work: consequemlv the 
lower the pressure, the more efficient 
tiie system. This really refers to the 
compressor and not to the pump, for 
the pump works the same whether it 
receives air at ten pounds pressure from 
the compressor, 01 whether it has been 
expanded from a receiver having a 
higher pressure, provided the tempera- 
tures are constant. If we look for the 
be>t efficiencies from the direct-acting 
pumps we must put in an independent 
compressed air svstem and carrv low- 
pressure. 

The general conclusions in operating 
direct-acting pumps are as follows: — 

First. — The lower air pressure in the 
main, with the cylinders designed prop- 
erly, the greater the efficiency, reach- 
ing as high as 30 per cent. 

Second. — The efficiency drops im- 


mediately if the air is expanded through 
the throttle into an air cylinder which 
requires less pressure than the main. 

Third. — -At standard mining pressure 
of ninety pounds the efficiency is about 
17 per cent., with properly designed 
cylinders, and probably drops as low 
as 1 2 1 2 in the pumps where just one 
turn of the valve is open. 

Fourth. — \ erv little loss occurs in 
using pressures within 10 per cent, of 
the pressures m the mam, which is 
ample to impart proper dynamic head 
to the pump. Compound compression 
will increase these ernciencies 13 per 
cent., anil reheating will also increase 
the efficiencies in proportion to the 
ratios of the absolute temperatures. 

Fifth. — Compound. direct - acting 
pumps are vert' little understood. The 
general idea lias been that if the expan- 
sion of air produces such low pressures 
that it frequently freezes the simple 
pump, it would be an unw ise proposition 
to try full expansion in compound 
pumps: conseqently compressed air 

user? practically avoid multi-cylinder 
pumps. 

To use compound pumps the air must 
be heated in some manner. This re- 
heating can be done either with the 
water which is being pumped, or ex- 
traneous heating before the initial cyl- 
inder, or extraneous heating before the 
compound cylinder, or extraneous 
heating before both cylinders. By re- 
versing the idea of the intercooler in 
compression and passing the air from 
the initial cylinder of a compound pump 
through a series of coils around which 
the water that is being pumped circu- 
lates, the air will take on very nearly 
the temperature of the water, and it will 
be delivered to the second cylinder at 
practically the same temperature as the 
first, thus permitting a number of ex- 
pansions to be used, and the efficiency 
of anv ordinary compound pump may 
be made equal to from 37 M to 40 per 
cent, bv this simple method of water 
reheating. In other words, almost 
double tlie water can be pumped for the 
same amount of air used in a simple 
pump. 

Where extraneous heating is used be- 
fore the initial cylinder and between the 

two cylinders, the efficiency in com- 
pound pumps- may be made to vary 
from 30 to 72 per cent., a vastly greater 
efficiency than is generally thought pos- 
sible. 

The combination of displacement and 
air-lift pump may be noted in the 
Wheeler pneumatic pump. 

The Cummings, or the two-pipe sys- 
tem, is a very interesting one, consist- 
ing of compressing the air to a high 
pressure, — about 200 pounds, — and ex- 
hausting it back from the pump at 100 
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pounds. This may be made to give an 
efficiency of probably 50 per cent., and 
if reheated, possibly more. 

Air-lift pumping, or the Pohle sys- 
tem, as it is called, is a simple system, 
which consists in reducing t the specific 
gravity of water in the pipe by admix- 
ture of air, so that the head of water on 
the outside of the pipe will push it out. 
Extensive experiments have been made 
with it in America and in Germany, 
and it mav be assumed that the effi- 
ciency may reach as high as, say, 50 
and 60 per cent. 

Motor-operated pumps consist of 
pumps belted or geared or directly con- 
nected to all kinds of engines. There 
is no doubt that with Corliss cnginis 
coupled directly to pumps, and prop- 
erly reheated and compounded, the 
efficiency will reach somewhere about 
75 per cent. 

In conclusion, the efficiencies on the 
next page are suggested. The percent- 
ages given in the table there may be 
taken as fairly accurate in comparing 
the various kinds of pumps, and the 
relations between them will be properly 
expressed by these figures, even if the 
actual efficiencies, as determined by 
other observers, may be somewhat 
different. 

In explanation of the following table, 
the writer would say that the figures 
are on the basis of a pressure in the air 
mains of ninety pounds gauge. By 
foot-gallons is meant the product of the 
number of gallons pumped and the feet 
elevation that the water is pumped. 
This I find to be the most convenient 
and reliable wav to designate the duty 
of pumps, and the foot-gallons desig- 
nated are the work of one cubic foot of 
free air compressed to ninety pounds 
gauge pressure. 

>0 Li:s. Aik 1 'kf.ssirf ON Main 
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The second column shows the effi- 
ciency of the system with ordinary 


single-stage compressors and the third 
column with compound compressors. 

No. 1 is the plain, direct-acting 
pump, like a plain boiler feed pump, 
and the table shows that one cubic foot 
of free air, compressed to ninety pounds 
gauge pressure, will perform 135 foot- 
gallons of work: that is to say, it will 
lilt one gallon 135 feet, or ten gallons 
1 3. 5 feet, and so on. 

No. 2 shows that the above pump 
will perform 1S0 foot-gallons of work if 
the air is heated to 300 degrees before 
entering the pump. 

No. 3 shows that an ordinary direct- 
acting compound pump, using the water 
that is being pumped to heat the air on 
its way from the high to the low-press- 
ure cylinder, will perform 232 foot- 
gallons of work, giving thus almost 
double the efficiency of No. 1, and re- 
quiring no fire heating, — simply a little 
more investment in the installation. 

No. 4 is the same kind of pump as 
No. 3, heated by fire to 300 degrees 
between high and low-pressure cylinder 
instead of utilising the heat of the water. 
It is more economical, but the utility is 
not so high. 

No. 5 is same pump as Nos. 3 and 
4, but is fire- heated to 300 degrees be- 
fore and after the high-pressure cyl- 
inder. 

No. 6 is a triple-cylinder pump heated 
before and after the high pressure and 
after the intermediate to 300 degrees, 
giving 3S3 foot gallons. 

No. 7 is same pump heated to 400 
degrees, giving 444 foot-gallons, show- 
ing that the same air as in No. i, giv- 
ing 19 per cent., can be made to give 
63 per cent, properly manipulated. 

No. N is a plain displacement tank, 
showing that it is more economical than 
an ordinary direct-acting pump. 

No. 9, the Wheeler displacement 
pump, which is an ordinary tank dis- 
placement and an air lilt combined, 
gives 34 per cent, efficiency. 

No. 10 is a multiple displacement 
proposition where the displacement 
tanks are arranged above one another 
at distances corresponding to the ratios 
of isothermal expansion, giving a cal- 
culated efficiency of 40 per cent. 

No. 11. the Harris system, where, 
after displacement in a tank, the air is 
returned through the compressor to the 
other tank operating in harmony with 
the first, is the most economical way of 
handling water by compressed air that 
the writer has seen. 

No. 12, the Merrill displacement sys- 
tem, is a plain displacement system of 
two tanks. 

No. 13. the Cummings system, which 
is used in connection with direct-acting 
pumps, is a two-pipe'or closed system, 
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delivering air to the pump at about 200 
pounds per square inch and exhausting 
back to the compressor at 100 pounds, 
the idea being to utilise, as far as pos- 
sible, the full pressure part of the air 
card. The economy is quite high, 
from 35 to 70 per cent., depending on 
the pressures carried and the character 
of the pump. 

No. 14, compound motor pumps, 

r--:er.- to pumps driven lu- a compound 
,v r motor where- heat is used bciore and 
ait-.r the high-pressure cvlinder. and 
-• . r.om:t-s a- high as so per cent. 111a v 

No. 15. Triple expansion, direct- 
acting pumps mav be made to perform 
mjj ioot-gallons of work, or 2.25 times 
as much as the same air will do with an 


ordmarv direct-acting pump, bv simple 
heating the air between the high and 
intermediate cylinders with the water 
being pumped, which has usually a 
60 degree F. temperature. 

No. 16 represents the air lilt 
pump, which has an ttnciency of from 
25 to 60 per cent., depending upon 
the conditions. 
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COMPRESSED AIR LOCOMOTIVES. 

Tuk Invalides station, which the Compagnie des 
Chemins de Fer de l’Ouest has just constructed, is 
designed principally for the service of the great lines 
of Brittany and Normandy, and, consequently for re- 
lieving the Saint-Lazare and Montparnasse stations. 
To do this, it has been necessary to establish a short 
line between the old junction that skirts the Seine and 
the Viroflay station a little beyond that of Versailles 
(left hank). At this place, the trains will reach the 
main line, upon w'hich they will be able to run in all 
directions. The short line, of which the part com- 
prised between the Invalides and Mention is already 
under exploitation, is established wholly for electric 
traction. it constitutes the lirst railway line in 
Frame of which the trains are currently actuated by 
electric motors, for we cannot considei (lie two miles 
of the Compagnie d'Orleans comprised between Orsay 
and Austerlitz stations as an exploitation properly so- 
called. 

The electricity is furnished by a central station sit- 
uated at Issy, and the current is led by a third rail that 
accompanies the line for its entire length and upon 
which hear the contact shoes of the motor ears, in 
order to take up the power needed. This system 
offers a host of advantages that we shall 110I enumer- 
ate here: but it presents one drawl), k. and that is 
that it causes interruptions of the conductor 'at the 
changing and crossing of tracks. Upon the main line 
and at the approach to the stations, ttiis is a matter 
of no great importance, since the speed acquired by 
the train easily permits of crossing switches without 
sensible retardation. But this is not the case In the 
switching about and making-up of trains at stations. 


AN IMPULSE WHEEL MADE BY THE 1'EI.ToN WATER WHEEL Co., SAN FRANCISCO, DRIVING 
CROSS COMPOUND AIR CYLINDER COMPRESSOR, Hl'ILT BY THE RAND DRILL COMPANY 
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Now, since the company, by reaeon of the contract 
made with the city, cannot employ steam locomotives 
in the interior of the lnvalides station, it has had to 
look for a style of smokeless locomotive capable of 
performing yard services, it is with su< h an object 
in view that it has recently had constructed three com- 
piessed-air locomotives which theoretically fulfill all 
the conditions desired. These locomotives are de- 
signed likewise for aiding’ trains that happen to lie 
momentarily in distress upon the line as a conse- 
quence of the interruption of the electric current. 
They have been constructed in such a way that they 
can make the round trip between the lnvalides and 
Versailles stations without recharging. Compressed 
air. employed as a motive power, especially for street 
car propulsion, has not giv°n very good results: so 
that, upon certain lines it has become necessary to 
discard it: notwithstanding the existing installations, 
the efficiency was deplorable. With the locomotives of 
the Oompapnie df l'Ouest. the conditions are no longer 
the same, since the engines ate not intended for use 
on the line. They have to make long trips only ex- 
ceptionally, and are of interest merely for yard service 
at stations. The foregoing remarks as to the incon- 
veniences found in regular service are, therefore, not 
applicable to them. 

The compressed air necessary for these locomotives 
is produced by a small plant installed below the 
Esplanade des lnvalides. at the level of the subter- 
ranean tracks of the new station. This plant consists 
of three independent groups each formed of a synchro- 
nous triphase current electric motor, which receives a 
a. 000-volt current from the central station at Issv. and 
of a Mekarski vertical air compressor of 200 horse 
power, making 100 revolutions a minute, and raising 
to a pressure of 1,422 pounds to the square inch the 
air that the Compagnie de l'Ouest purchases from the 
Compagnie Parisienne d'Air Comprime at a pressure of 
85 pounds to the square inch. Each compressor con- 
sists of four cylinders mounted in pairs in tandem, so 
that the same connecting rod serves for actuating the 
two pistons of the same group. The two cylinders of 
each of these two groups do not have the same duty to 
perform. The upper one effects the compression of 
the air only in the portion situated above the piston, 
while the lower one acts only for that of the part com- 
prised beneath its piston. From the viewpoint of 
work, then, the two cylinders of a tandem may be con- 
sidered as one and the same cylinder. Let us see how 
the compression is effected: The lower cylinder draws 
in the air at 85 pounds to the square inch and com- 
presses it to an intermediate pressure and then sends 
it into a reservoir, whence it is sucked by the upper 
cylinder in which the compression is carried to 1.422 


pounds to the square inch. In order to prevent heat- 
ing of the metal, the Cylinders are surrounded with 
jackets within which circulates a current of cold water. 
On another hand, water is allowed to flow likewise 
in the interior of the cylinders, so that the ait coming 
from the compressor is always accompanied with 
humidity and must be dried before it is used. The air 
thus compressed is stored up in an accumulator com- 
posed of six groups of 20 reservoirs. The locomo- 
tives. according to their requirements, come to these 
latter to obtain their supply of pneumatic power. 'I’lie 
adoption of a system of compressed air accumulators 
such as those above described was indispensable, since, 
as we have seen, the plant is supplied by the electro- 
motive power of the line, and, as the locomotives are 
partly designed for the relief of the electro trains in 
cases of an arrest of current, it follows that the plant 
could not operate in cases of . istress and would bo 
unable to render the services for which it was installed 
if it wen- desired to employ recently compressed air. 

Each of these three groups of i ompressors is cap- 
able of giving 4. 4<to pounds of air under pressure. Let 
us add that the plant is arranged in such a way that 
it can furnish special portable boilers designed for 
reheating the compressed air upon the locomotives. 

These locomotives are carried by two two-axled 
bogies. They have the form of a baggage car. pro- 
vided with two calls, one at each end. for the engineer 
This arrangement ‘loes away with the necessity of 
turning the engine around for running in the opposite 
direction. The entire mechanism, which is extremely 
simple, is situated under the body of the engine so 
that it can he easily inspected, cleaned and repaired 
when need tie. 

The main part of the locomotive contains 32 reser- 
voirs of compressed air. which the engineer can con- 
nect with the cylinders of the motors from either eah. 
The motors are two in number, and situated near each 
of the cabs. The air passes into an intermediate reser- 
voir before entering the motors, each of which is 
provided with two cylinders placed outside of the 
frame of the car. The first is a high pressure one of 
284 pounds to the square inch, and the second a low 
pressure one of 143 pounds. At its two extremities, 
the engine is provided with special arrangements for 
the charging of the compressed air. It carries like- 
wise portable steam boilers for the heating of the air. 

The engineer's cabs are provided with all the appa- 
ratus necessary for operating and controlling the dif- 
ferent parts. — For the above details and the cut we are 
indebted to La Nature. 
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Scientific American 


December 13, 1902. 


COMPRESSED AIR AS A TRANSPORTATION AGENT. 

H Y WAl.lHIN fAWtl.lT. 

With a more extensive use of compressed air for 
power purposes lias conic a corresponding broadening 
of the siopc of Us employment as a transportation 
agent, ainl inileeil it has been conclusively proven that 
pneumatic traction has decided advantages over all 
other forms of mechanical haulage for a large variety 
of operations. Prominent among these are the various 
phases of underground haulage. For coal mines where 
there is danger from mine gas its utilization is almost 
essential, whereas the advantages which commend its 
employment in non gaseous mines are almost as potent. 
A rather unique field has been opened by the intro- 
duction of compressed air locomotives in railway tun- 
nels, where the smoke, vapor and gas from steam lo- 
comoti’ es are objectionable. 

For the ordinary compressed-air haulage plant there 
are fiv* essential features, namely, the locomotives, 
constri cted to carry stored-up energy in the shape of 
compressed air, a charging station, a stationary 
reserve ir, usually consisting of one or more storage 
tanks n which the air is compressed, an air com- 
pressoi capable of compressing any desired number 
of cubic feet per minute to any pressure desired, and 
power for operating the compressor, either steam or 
water power being applicable for this purpose. The 
compressed air locomotives now most generally used 
are m ide by the H. K. Porter Company, of Pitts- 
burg. Pa. 


The genera] machinery of an air locomotive, cylin- 
ders, frames, wheels, etc., is usually very similar to 
that of a steam locomotive, save that the weight is 
greater, the hearings larger and the details of con- 
struction stronger than in a steam machine of the 
same power. The main points of difference are found 
in the fact that instead of the usual boiler with its fuel 
and water accessories for developing power, the air 
locomotive is equipped witli one or more strongly 
1 oust 'Ui ted main storage tanks, which are charged 
"'.t! compressed air at high pressure, a combination 
" .ator and automatic stop-valve and an auxiliary 
-ow pressure reservoir in which t lie air is mi tied at a 
uniform working pressure for distribution lu t lie cylin- 
ders. Tlie cubic capacity and tile pressure of air in the 
main storage tanks on a motor are determined, ot 
course, by t lie amount of stored energy required by 
tile length of tiie run which such a locomotive is to 
make and the weight of the train which it is called 
upon to draw. Not infrequently locomotives are built 
lu carry an air pressure of SOU or 1 .Otto pounds, but re- 
lief valves make it impossible to charge the motor 
tanks to a higher pressure than is required. The initial 
storage pressure decreases, of course, while the loco- 
motive is working. As illustrating the capabilities of 
tiie compressed air motors, it may he mentioned that 
there are in service in this country a few locomotives 
which are fitted with seamless steel tubes and carry a 
pressure of from 1,500 to 2,500 pounds per square inch. 

The combination regulator and automatic stop valve 
through which the high-pressure air passes from the 



main storage tank to tiie low- 
pressure or auxiliary reservoir 
is provided with mechanism 
which can be instantly ad- 
justed for maintaining what- 
ever pressure is found most 
economical in tiie operation 
of the motor. Ordinarily 140 
pounds per square inch is sat- 
isfactory, but in case of an 
emergency, such as getting 
derailed cars on tiie track, 


Pneumatic Locomotive. 


the pressure may lie increased 
by immediate adjustment to 
150 or loo pounds. Not only 



is the regulation of air be 
tween the high-pressure ami 
low-pressure reservoirs auto- 
matic, hut it is at all times 
uniform, tin- air being ad- 
milted as rapidly as it is 
needed and at the required 
pressu re. 

For charging tiie locomo- 
tive storage tanks previously 
referred to. there are provid- 
ed the charging stations, 
which are connected with the 
stationary receiver or reser- 
voir by a pipe it is custom- 


Locomotive Driven by Compressed Air. 
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A Compressed Air Locomotive. 
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ary. when the reservoir or 
storage system is a pipe line, 
to have a charging station at 
each end of the line, so that 
the motor may take a charge 
of air at the end of each sin- 
gle trip or each round trip 
as required. Air locomotives 
may be charged either direct 
or by a reservoir However, 
direct charging is very waste- 
ful, and consequently the 
method most generally ac- 
cepted involves the use of the 
stationars reservoir. 

The reservoir for a com- 
pressed-air transportation line 
usually consists of either a 
pipe line or one or more stor- 
age tanks of construction sim- 
ilar to the locomotive storage 
tank, although usually de- 
signed to carry a somewhat 
higher pressure. By means 
of the reservoir system the 

compressor may be kept in nearly continuous operation 
at a fairly uniform speed. By an automatic system of 
governing the compressor, when the work is light, slows 
down in speed, whereas when the demand for air in- 
creases, the speed is quickly brought up to the required 
capacity. 

In a pneumatic street car the storage reservoirs are 
carried on the car trucks and occupy the space under 
the seats. The operating, brake and controller stands 
on the platform are very similar to the corresponding 


stands on an electric car. In the operation of the 
car, the air leaving the storage tank on the car passes 
through a reduction valve, where the pressure is re 
duecd from 2,000 pounds to a working pressure of 
150 pounds. It then passes into and through the water 
in the heater, tvhere it takes up the moisture and heat 
of which it was robbed after compression and before 
the air was permitted to enter the station storage tanks. 
This is the principle that was employed on the cars 
experimented with on the Metropolitan system, New 
York, In ordinary service an air car weighing some- 
what less than 10 tons will consume 400 cubic feet of 
free air per car mile, and in some classes of service 
the consumption is double that. 
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Compressed Air Cars in Brooklyn 

The Brooklyn Rapid Transit Company is soon to start tilt 
c; a ration of a compressed-air locomotive on its elevated lines 
Tiie recent tin s and unavoidable accidents which have occurred m 
tm company's power stations have reduced the available current 
n-.pply to a dangerously low amount, and, notwithstanding the in- 
stallation of several new rotary converters taking power from the 
Kings County Electric Light & Power Company, many of the 
old steam locomotives have been put back on the elevated. Even 
with these auxiliaries the slightest accident to a generator is liable 
to seriously cripple the service. The great advantage of a system 
where the cars operate independently of one another is especially 
marked under the Brooklyn conditions, and the adoption of com 
pressed air may prove a satisfactory relief to the overburdened 
power stations. The locomotive is to be supplied by the Coni- 
pre.-sed Air Company, of New York. 


COST OF COMPRESSED AIR HAULING IN A MINE. 

In a paper on the subject "Compressed Air 
Haulage Plants,” read before the Engineers’ So- 
ciety of Western Pennsylvania on Nov. 19, 1901, 
Mr. Richard Hirsch gave some data on the cost 
of hauling by compressed air locomotives In a 
Pennsylvania mine, which are of Interest. The 
mine Is Colliery No. 6, of the Susquehanna Coal 
Co., at Lyon, Pa. The hauling was formerly done 
by mules, of which over thirty were In use; the 
present motive power equipment consists of two 
Compressed air locomotives, cylinders 7 x 14 Ins., 
tank capacity 130 cu. ft., tank pressure 500 lbs. 
per sq. in., built by the H. K. Porter Co., of Pitts- 
burg, Pa. The weight of each locomotive is 16,000 
lbs. During the year 1897, the plant was operated 
a total of 179 days. The cost of operating for 
the year 1897, and the corresponding cost of the 
old style of mule-hauling, Is summarized thus: 


Total cost of plant, except steam boilers, cars 

and track f 15, 156.0.) 

Operating expenses, including all labor, fuel, 

supplies, repairs, etc 2.202.7S 

Fixed charges, including interest, depreciation 

and renewals 1,776.00 

Cost of mules required for same work 4,052.4!' 

Cost of operation by mules, including labor, sup- 
plies, interest, depreciation, etc., for 179 days. 11,328.66 
Cost of operation by compressed air 3,979.38 


Saving by use of compressed air J7.349.25 
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At this rate o£ saving, the entire cost of the 
compressed air plant -would be saved in 301 work- 
ing days. 

The average daily -work of these two motors 
during the period of 179 days referred to was 
1,185 net ton-miles, or the cost of hauling was 1.9 
cts. per net ton-mile. The corresponding cost of 
hauling by mules would be 5.31 cts. per net ton- 
mile. Had the compressed air plant been operated 
for 300 days in the year, instead of 179 days, at 
the same daily rate of work, the cost per ton-mile 
would have been considerably less than that given 
above. 

SRJ 1902 r«l. xviii »©. 14 

Compressed Air Locomotive in Brooklyn 

I hi* ;icounpanying illustration slum*, a com proM-tl air locomu- 
'■ a Inch lias been placed in operation on the Brooklyn elevated 
lint's. 1 lie Brooklyn Rapid Transit Company was compelled 
, ,t months ago. on account of its lack ot current supply, to 
withdraw the electrically-operated trains from the elevated serv- 


ice, and since that tune the old steam locoim 'lives have been m 
use. The company lias recently, however, made arrangements 
with the Compressed Air Company of Xew York City to im 
one of this company’s locomotives, and it the experiment proven 
successful more will be put in operation. 

The locomotive shown in the engraving is the same one upon 
which such successful tests were nude some months ago in Rome. 
N. Y.. hut it has been remodeled to conform to the condi 
lions required in elevated service. As at first made, the weight 
upon the drivers was heavier than the specifications insisted upon 
by the Brooklyn company allowed. ;md certain modifications in 
the construction have therefore been adopted in order to lit it 
more perfectly for its new work. It lias also 
been supplied with a headlight and dummy 
stack, which gives it the general appearance 
of the conventional steam locomotive. A 
compressed air plant has been installed at 
the end of the line near Fulton Ferry, and 
the compressed air locomotive has been used 
for drawing four-car trains on the Fulton 
Street line. It was found, however, that the 
capacity of the plant was too small to prop- 
erlv charge the locomotive’s air tank, so that 
the compressor has been removed, and a 

larger one will he substituted as soon as the Compressed Air Com 
pany can get it installed. 
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INCREASING THE EFFICIENCY OF COMPRESSED AIR 
AT THE BISBEE WEST MINE 
It Is possible to prove theoretically that If the 
exhaust air from an air driven pump, or drill, be 
carried back to the compressor and used over 
again, there results a very great Increase In the 
efficiency of the plant. In a recent Issue of the 
"American Machinist,” Mr. Frank Richards gives 
seme data of an actual test secured from Mr. F. 
H. Wheelan, President Pneumatic Power Co., 224 
California St., San Francisco. The data follow: 


I am enabled to prese.it here sotne data from an Installa- 
tion of this system at the Bisbee West Mine, near Bls- 
bee, Arizona. The plant consists of the following: One 
Ingersoll-Sergeant Straight-Line air compressor, Bteam 
cylinder 16 ln3. diameter, air cylinder 1214 Ins., stroke 
18 ins.; one Cameron Btation pump, air cylinder 1G’4 
ins. diameter, plunger 6M: Ins. diameter, stroke 18 1ns. 
A G x 6 x 6-in. auxiliary air compressor Is connected to the 
low-pressure pipe line to supply leakage in pipe line, 
thus keeping the pressure constant at any desired point. 
The duration of the test here recorded was 70 minutes. 


Average Temperatures. 

Degrees F. 


Inlet to compressor 

69i£ 

Receiver 


Inlet to pump 

88 8 

Discharge from pump 

51.6 

station 


Engine-room 

03 



Gage Pressures. 

Pounds. 

Inlet to compressor 83 

Discharge from compressor 158.3 

Inlet to pump 152.6 

Discharge from pump 90.9 

Mean Effective Fressures in Cylinders. 

Pounds. 

Compressor 65.8 

Pump 61.7 

Speed. 

R. P. M. 

Compressor 56.35 

Pump 19.9 

Auxiliary compressor 98.7 

Work. 

Total indicated foot-pounds in air cylinder of 

compressor per minute 1.268,400 

Total indicated foot-pounds in air cylinder of 

pump, per minute 751,500' 


The power thus indicated at the pump is 59% of that 
of the compressor cylinder, while with the usual com- 
pressed air practice in driving a steam pump In this way 
it is rarely that more than 25% is realized. 

This plant is criticised for its deficiencies by the opera- 
tor of another dense air plant, where a rock drill is oper- 
ated instead of a pump. The drill is 1,800 ft. from the 
compressor, and there are two lines of 2-ln. pipe 1,300 ft. 
long and two lines of 1%-ln. pipe 500 ft. long. The work- 
ing pressure Is from 215 to 220 lbs., and the return pres- 
sure 95 to 100 lbs. Notwithstanding that it is much more 
difficult to keep the piping around a drill tight than it is 
around a pump, the auxiliary compressor to make up 
the leakage Is not run more than a quarter of the time. 
The compressor in this case, with air cylinder 5 ins. 
diameter by 9 Ins. stroke, runs 90 to 95 turns per min., 
and besides driving the 2%-In. rock drill In “the hardest 
rock I have ever seen" it also runs a 5x6-ln. slide valve 
engine eight hours a day to drive a blower, and pumps 

8.000 gallons of water 200 ft. high. The joints of the 
pipes in this case were made with shellac, which the 
engineer claims accounts for the small leakage. He also 
suggests that the pipes at the BIsbee West Mine are too 
small, being 2% and 3 ins. Instead of 3 and 4 ins., the 
latter of each of course being for the exhaust. 
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COMPRESSED-AIR MOTORS FOR GATHERING CARi> 
IN COAL MINES * 

By Beverley S. Randolph, f M. Am. Inst. M. E. 

While the coal-m!nlng‘ practice, in regard to hauling on 
main roads, has advanced very rapidly In recent years 
by means of compressed air, electricity and ropes, that of 
gathering from rooms or working places has remained al- 
most stationary. Few large mines are without some 
method of meehanicn! haulage on main roads, but the 
gathering from working places is still done almost entirely 
by means of animals or men. 

An effort to improve this has been made recently by the 
Consolidated Coal Co., under the direction of the writer, 
at its mines in the Georges Creek region. The seam 
worked is the Pittsburg. Bed, known locally as the “Big 
Vein.” It is from 8 t'o 12 ft. thick. Immediately over- 
lying the coal there is from 5 to 0 ft. of “rashings,” con- 
sisting of thin alternating beds of shale and coal, which 
disintegrate rapidly on exposure to the air, and makes a 
very treacherous roof. 

Rooms are driven 12 to 15 ft. wide, with a single track 
close to one side. A line of posts is placed just far 
enough from this side to leave a clear space for the mine 
car with a driver at the brake. This brings the post not 
far from the middle of the cross' bar, and provides more 
effectual support than if placed at the end. The tracks in 
these rooms. are usually of 4 x 4-ln. oak scantling, though 
of late years, owing to the advance in the price of lumber 
and the reduction in steel rails, more of the latter are 
being used. This track is laid by the miner. His pay for 

■•A paper read at the Albany meeting of the American 
Institute of Mining Engineers. 

fMine Shipt., Cons. Coal Co., Frostburg, Md. 


the work Is included in the price per ton for mining. It 
is therefore, as a rule, unskillfully and often carelessly 
laid, and cannot be relied upon to carry safely any weight 
materially greater than the loaded mine ear. 

Compressed air was already in use on the main roads, 
driving motors weighing 30,000 lbs. each, which are used 
to haul the mine cars that have been assembled from the 
rooms, bringing them to the foot of a slope, from where 
they are hauled to daylight by means of a rope. 

At the suggestion of the writer, the Baldwin Locomotive 
Works designed a motor, having the dimensions and gen- 
eral character shown in the accompanying cut', and guar- 
anteed not to weigh more than 8,000 lbs. when charged. 
Loaded mine cars frequently weigh 7,000 lbs. gross, aim 
their outside dimensions are then practically the same ^ 
the motor just mentioned. 

Five of these machines were placed in the company’s 
Ocean No. 3 mine (Hoffman), displacing a number of 
mules, but leaving 19 still working. This opportunity war. 
embraced to make a close comparison between the two 
methods of gathering. 

COST OF MULE HAULAGE. 

The mules working in the north heading and the south 
heading deliver their cars directly to the rope on the 
slope. The other mule routes deliver to the heavy motors 
mentioned above, as do all the motor routes. The mules 
used weigh from 1,200 to 1,400 lbs., and are the best ob- 
tainable. Mine ears weigh 1,600 lbs., and carry an aver- 
age of 2.4 long tons. 

The following table shows the work performed by the 
mules during a period of 18% working days in the month 
of December, 1902: 


Cars 

Route moved. 


South heading .... 1,119 
North heading.... 26S 
First cross ...... 1,029 

Second “ 3,012 

Third “ 747 


Average 

Tons moved 

haul, ft. 

Constant. 1,000 ft. 

2-4 

2,900 

jooo 7,788.21 

1,300 

s.'w.iii 

2. KM) 

" 8,210.1(1 

3,110 

" 8,020.8.8 

400 

717.12 


Total 

This represents a total of 339 days’ work for one mule. 
Tlie company’s accounts show -a -cost of $1.15 per day 
for each day worked by a mule, including expense of ic- 
placing worn-out animals. Drivers are paid $1.98, and 
there is one with each mule. This makes a cost of $3.13 
per day for each day worked by a mule. The cost per ton 
hauled 1,000 ft. would therefore be 
339 x $3.13 


25,582.40 

COST OF MOTOR HAULAGE. — For the work of the 
motors during the same time we have; 


Route 

Cars 

moved. 

Average 
haul, ft. 

Tons moved 
Constant. 1,000 ft. 

3-4 

Tippens 

1,122 

2,300 

2,050 

1.S35 

1,800 

1,805 

1,992 

— 

Scobles 

First Klondyke . . 

Second 

Third 

Fourth 

1.073 

1,147 

1,032 

1,147 

lit 

5,279.16 

5.046.80 

4,458.24 

5,138.50 

544.92 

Total 





This work was done by the five small motors operated 
by compressed air, working a total of 94 days. 

This plant is supplied with steam by a battery of boilers, 
which also supplies steam to the large pumps. The plant 
consists of the following items, with their approximate 
first cost: 


One straight line Norwalk air compressor, 18 and 
28 compound steam, 18%. 13% and 0% three- 
stage air, 30-in. stroke 

5.000 ft. 5-in. pipe 

3,100 M 2%-in. pipe 

1.000 “ 1%-ln. pipe 

2 motors, 30,000 lbs. each 

5 motors, 8,000 lbs. each ' * ' 

Estimated proportion of boilers 

Installation 


$5,300 

5.000 
1.700 

300 

6.000 
io.ooo 

1,000 

4,000 


Total 


$33,900 


Allowing $3,000 per year for interest and depreciation, 
to be earned in 300 working days, would justify a charge 
of $10 per day from this source against the entire plant. 

This same compressor also drives the large motors men- 
tioned above, which weigh 30,000 lbs. each (00,000 lbs. for 
the two); the five small machines weigh 8,000 lbs. each 
(40,000 lbs. for the five). Dividing the general expenses 
according to the weight would result In four-tenths being 
charged against the small motors. 
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These general expenses may be summed up as follows 
per day: 

Coal, 4 tons at $1 . $4.00 

Firemen 2.00 

Mechanic In charge of compressor.... 2.50 

Interest and depreciation 10.00 

Total $18.50 

The dally coat of operation of the five small motors 
would then be 

5 motormen at $2.07 $13.35 

5 brakemen at $2.03 10.15 

General expenses, $18.50 x 0.4 7.40 

Repairs and oil 3.00 

Total $33.78 


Dividing this among the five machines would give $0.78 
per day for each machine, and the cost per ton moved 
1,000 ft. would be 

0.78 x 04 

= 2.44 cts. 

20,001.12 

In the matter of continuity of service, the motors show 
to great advantage. A broken-down motor can usually be 
repaired over night, while an Injured mule can only be 
replaced by a new one that must usually be broken and 
Inured to the work before he is thoroughly efficient, en- 
tailing loss of time and output In each case. 

In the actual placing of cars In the workings, the motor 
has little or no advantage over the mule. After the 
train is made up. Its higher speed and larger load place 
the mule at a great disadvantage. The showing of the 
motors may, therefore, be expected to be better with 
long hauls than with short. 

Owing to the fact that It' Is the practice in this mine to 
Hend the same motor or mule on different routes, depend- 
ing on where miners may be loading coal, It U Imprac- 
ticable to present any discussion of this feature from the 
data at hand. 



Fig. 4. View Showing Traveling Derrick Erecting 
Center for Raritan River Bridge. 
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little or no advantage over the mule. After the train is made 
up, its higher speed and larger load place the mule at a great 
disadvantage. 

The showing of the motors may, therefore, he expected to be 
better with long hauls than with short. 

Owing to the fact that it is the practice in this mine to send 
the same motor or mule on different routes, depending on 
where miners may be loading coal, it is impracticable to pre- 
sent any discussion of this feature from the data at hand. 

Figs. 2 and 3 show the profiles of the various routes. The 
loads move from right to left. From this it will be seen that, 
so far as grades are concerned, the motors are at a decided 
disadvantage in this comparison. The elevations refer to mean 
tide at Baltimore. 
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FOR MIXING, FACTORY, AND ALLIED t'SES 
Part II. — Compressed Air and Internal Combustion Locomotives 

By J. F. Gairns 


T HE use of compressed air as a mo- 
tive power for locomotives has 
received the attention of invent- 
ors for many vears; indeed, in the early 
days of the steam locomotive, “ atmos- 
pheric ” railways, as they were termed, 
bid fair, according to inventors and 
financiers, to be serious rivals of the 
steam engine, for several railways were 
actually built and equipped for com- 
pressed air working in Great Britain. 
In no instance, however, were they 
practicallv or commercially successful, 
and the atmospheric system soon disap- 
peared. Nevertheless, in view of the 
cleanliness and handiness of compressed 
air locomotives and their adaptability to 
certain services, inventors hate per- 
severed, and several undoubtedly satis- 
factory machines were introduced on the 
New York elevated lines, for tunnel 
work, for tramway purposes, and, as 
will be seen hereafter, for mining and 
like use. 

In consequence, however, of develop- 
ments in electric traction, the com- 
pressed air locomotive has hardly had a 
fair chance. It'is probable that had not 


electricity provided a remedy for the 
disadvantages and inconveniences of the 
steam locomotive in particular circum- 
stances, the compressed air locomotive 
would have an established position on 
local railways and tramways and for 
miscellaneous use. For mining and 
factory work the pneumatic locomotive 
is eminently suitable, for it can be made 
very compact and can be very conven- 
iently arranged as regards construction; 
there is no furnace to be a possible 
source of danger and to cause the emis- 
sion of fumes and smoke; and it can be 
used in an explosive atmosphere. It 
has even been claimed that the use of 
compressed air locomotives in mines as- 
sists in ventilation and in the supply o? 
pure air to the workings. 

In single units, compressed air cannot 
be economically installed, but when 
there is an air-compressing plant pro- 
vided for working coal-cutting and other 
machinery, and there is a number of 
locomotives to be supplied from the same 
central station, compressed air traction 
can be very advantageously introduced. 
There are many collieries in the United 
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FIG. 27— A COM TF ESSE D AIR WINE ICC0M07IYE FOR A GERMAN MINE 
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Their use, however, was limited to the 
main gangways of well-ventilated mines 
on account of the danger and inconven- 
iences from fire and escaping steam and 
gases. In order to overcome the diffi- 
culties attending the use of steam, com- 
pressed air was substituted. A reservoir 
was provided for the reception of the 
air, to take the place of the steam boiler, 
making no material change in the ar- 
rangement of the machinery. In this 
way the efficiency derived from the use 
of the locomotive was retained and dan- 
ger avoided. 

In the process of compression a large 
amount of heat is necessarily generated. 
This heat passes off and is lost as the 
temperature falls to that of the surround- 
ing atmosphere. When the air is ex- 
panded in the locomotive a drop in 
temperature results, reaching far below 
that of the atmosphere: this has a 
marked effect on the final volume of the 
air used in the cylinders. An increase 
in economy and efficiency will, there- 
fore, be obtained by restoring to the air 
some of its lost heat. An efficient sys- 
tem of reheating would be higfily desir- 
able were it not for the complication in- 
volved, and the fact that for mine service 
the process of reheating brings with it 
the very danger which the use of the 
compressed air locomotive is intended 
to avoid. It should be borne in mind, 
however, that the temperature of the 
expanding air falls far below that of the 
surrounding atmosphere, which, under 
these conditions, acts as a reheating 
medium by contact with the outer sur- 
faces of the tanks and cylinders. Any 
increase, therefore, in the amount of 
surface of tanks or cylinders exposed to 
the atmosphere is a direct gain. In 
view of this fact, the outer surfaces of 
the cylinders are ribbed, causing them 
to present a greater area for absorption. 

Within certain limits compressed air 
is preferable to steam or electricity for 
mine haulage. Compressed air loco- 
motives, as compared with those using 
steam, differ but slightly, so far as the 
machinery is concerned. The steam 
generating apparatus is entirely elimi- 
nated, simplifying the construction and 
doing away with the part of the locomo- 
tive which requires the greater amount 
of skill to operate. As long as the air 
supply is maintained, they are capable 
of handling the same load in proportion 
to their tractive potyer as locomotives 
operated by steam, and have the ad- 
vantage of being entirely free from fire, 
gas or vapour. 

With electricity, especially for large 
units, the trolley system is the only one 
ordinarily available, and the locomotive 
is confined in its range to that of the 
supply conductor, whereas with com- 
pressed air the locomotive is at liberty 
to run in anv direction on anv available 
track to the limit of its charge. The 
cost of installation for compressed air 
compares favorably with that for elec- 
tricity. 


It i- pi v 1 1 • c ! i.i t ] w ; ■ ■ ’’iKt IW 
direct '■■•)!;; the o mpres-or . but this 
system, although economical m some 
respects, would necessitate an increase 
in size of both the compressor and the 
locomotive. It is preferable, therefore, 
to provide stationary reservoirs at con- 
venient points in the mine, from which 
a supply of air can be readily drawn to 
recharge the locomotive tanks. This 
enables the compressor to be run con- 
tinuously and restore the depleted reser- 
voirs to their normal pressure while the 
locomotive is doing its work. Where 
the system requires a considerable length 
of piping, the pipe line in itself will sup- 
ply sufficient capacity without extra sta- 
tionary reservoirs. 

The charging stations sin iuld be 
located at convenient points, preferably 
at the ends of the run. or where the 
locomotive is. for other reasons, re- 
quired to stop. This will economise 
the air by avoiding the necessity of run- 
ning the engine any considerable dis- 
tance simply for the purpose of recharg- 
ing. The connection and stop valves 
for the charging stations are arranged 
with a view to reudv adjustment and 
speedy Supply, in order that the loco- 
motives mav not be detained longer than 
is absolutely necessary while receiving 
their charge. After the operation be- 
comes familiar, the time required for 
making connections and recharging is 
ordinarily less than one minute. 

A compressed air locomotive consists 
essentially of a storage tank mounted 
upon driving wheels, with two engines 
to convert the pressure in the tank into 
direct motion at the wheels. The gen- 
eral details of construction and the ma- 
terials respectively employed are similar 
throughout to those of locomotives oper- 
ated by steam. One or more reservoirs 
or storage tanks may be employed, as 
may be found most suitable to meet pre- 
scribed conditions. Compound cylin- 
ders are sometimes applied to com- 
pressed air locomotives. With this 
system the cvcle of expansion occupies 
a longer period r of time for the same 
speed, and consequently a greater op- 
portunity for heat absorption from the 
outside atmosphere is obtained. 

One of the first compressed air loco- 
motives to be put in successful operation 
was built bv the Baldwin Locomotive 
Works for the Plymouth Cordage Com- 
pany, of North Plymouth, Mass. The 
locomotive, one of small size, having a 
single tank and cylinders 5 by 10 inches, 
was ordered in 1876 and placed in serv- 
ice in April, 1877. It was used for gen- 
eral switching purposes and to transfer 
material from the storehouse to the 
factory, taking the place of four one- 
horse teams, with three men to each 
team. 

The conditions of sen ice under which 
the locomotive was required to operate 
were such as to preclude the use of 
steam. The fine particles of material 
with which the air was sometimes im- 


pregnated were highly combustible and 
no fire could be permitted, and the ma- 
terial under construction was liable to 
damage from the dampness occasioned 
by escaping steam. The compressed 
air locomotive, which was free from both 
fire and moisture, proved satisfactory to 
such a degree that another similar loco- 
motive was ordered in 1894. and two 
others have since been placed in ser- 
vice. 

As illustrative of American practice, 
two examples of pneumatic locomotives, 
built at the Baldwin Works, are shown 
in Figs. 28 and 29. There is no great 
variety among these locomotives, and 
so these examples will be sufficient for 
consideration in this article. 

Fig. 28 shows a compressed air loco- 
motive for the Ashland Coal & Iron 
Railway Company. There are three 
storage tanks, two of which are visible 
in the illustration, and a third, of smaller 
dimensions, is fitted between the frames. 
One of the large tanks is shorter than 
the other, to provide additional room 
in the cab. The air is stored at a pres- 
sure of 600 lbs. per square inch, and is 
used at 100 lbs. This engine requires 
a headway of 5 feet in height and 6 feet 
in width only. It will take curves of a 
30-foot radius. 

Fig. 29 illustrates a compressed air 
locomotive, compounded on the Yau- 
clain system, as built for the Philadel- 
phia & Reading Coal & Iron Company. 
In this engine, also, three storage tanks 
are provided, and the small one, from 
which air is taken for the cylinders, is 
distinctly visible in the illustration, 
above and between the larger reservoirs. 
Each low-pressure cylinder is above the 
high-pressure cylinder in one casing, 
and both are ribbed to facilitate the ab- 
straction of heat from the atmosphere, 
as the air under pressure expands in 
doing its work The air is stored at a 
pressure of 600 lbs. per square inch, and 
is reduced to a working pressure of 200 
lbs. The engine is of very reasonable 
dimensions, and is guaranteed to haul 
thirty-two trucks weighing one ton each 
on a grade of 1 in 60, — very good work 
for such a machine. 

When used in the warm atmosphere 
of a mine and when properly designed, 
the chief drawback attending the use of 
air under pressure, namely, the liability 
to freezing as the air is expanded in use, 
is overcome, and these and dozens of 
similar locomotives are to-day doing 
good work in America and elsewhere. 
In practice it is found that the locomo- 
tives can work for considerable distances, 
and can stay away from the charging 
stations for comparatively long periods; 
they are, moreover, weight for weight, 
quite as powerful, if not more so, than 
corresponding steam locomotives. 

Figs. 32 and 33 show a couple of 
double and triple-tank designs of the 
H. K. Porter Company, of Pittsburgh, 
one of the leading American makers of 
this class of locomotives. 




AIR POWERED CARS 


inventor; Terry Miller 

My air car invention has six complete sets of 
documented performance figures, obtained in six different cities by 
six different groups of ul tra— reliable people. These figures were duly 
published in leading newspapers as documented facts on performance. 

Also, this was done in a period of only seven days and with no mechani- 
cal malfunction of my machine. Different newspaper people learned 
how to drive my car and were turned loose to report the facts and 
figures. 

The following newspapers can attest to the documentation tests 
and their publication dates are: 

The Columbus Daily Advocate, Columbus, Kansas 66725, Phone 
316-429-2773, published June 19, 1930; 

The Baxter Springs Citizen, 3axter Springs, Kansas 66713, 

Phone 316-856-2115, published June 23, 1930; 

Miami News-Record, Miami, Oklahoma 74354, Phone 918-542-5533 
published June 29, 1980; '~ 5 


The Carthage Press, Carthage, Missouri 64836, 
published June 26, 1980; 


Phone 417-358-2191, 


The Chanute Tribune, Chanute, Kansas 66720, Phone 316-431-4100 
published June 27, 1980; s 


The Cof f eyville Journal, Coffeyville, Kansas 67337, Phone 
316-251-3300, published June 27, 1980. 

No other air powered vehicle has ever been able to be demonstrated 
from one coast to the other in the following cities: 


Crestline, Kansas 
Pittsburg, Kansas 
Joplin, Missouri 
Columbus, Kansas 
Baxter Springs, Kansas 
Miami, Oklahoma 
Carthage, Missouri 
Chanute , Kans as 
Coffeyville, Kansas 
Springfield, Missouri 
St. Louis, Missouri 
Indianapolis, Indiana 
Columbus , Ohio 


Harrisburg, Pennsylvania 
Pittsburgh, Pennsylvania 
New York City, New York 
Baltimore, Maryland 
Washington, D. C. 

Dodge City, Kansas 
Amarillo, Texas 
Wichita, Kansas 
Kansas City, Missouri 
Tulsa, Oklahoma 
Oklahoma City, Oklahoma 
Dallas, Texas 
Fort Worth 


Houston, Texas 
San Antonio, Texas 
Tuscon, Arizona 
Phoenix, Arizona 
San Diego, California 
San Francisco, California 
Sacramento, California 
Fresno, California 
Bakersfield, California 
Los Angeles, California 
Flagstaff, Arizona 
Albuquerque, New Mexico 


, Texas 

I have all the answers in regards to my invention to pro- 
duce a town transportation car to carry two passengers; to have a 
range of 45 miles; to be able to be refueled with air in four minutes; 
to be of less total operation cost per mile than a battery powered 
car; to be as energy efficient as a battery car; to be able to be 
driven all day where a battery car can not ; to speed up mid-range 
rather than slow down like a battery car; to absolutely not polute 
the air; to actually clean the air as it is used in the air station 
and car system; to derive considerably more miles per barrel of 
crude than a gasoline powered car of comparable weight; to be able 
to be produced promptly with no secret or unanswered technical 
questions yet to be solved prior to production. 


A car that when used in conjuction with a wind energy air station 
in certain areas of the United States that would be totally one 
hundred per cent energy efficient using no nonrenewable fuel * 
industry that need not interfere with Detroit 


a new 
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